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ABSTRACT
Humic substances were isolated in gram quantities from seawater by a newly
developed procedure of adsorption on a crosslinked polystyrene-divinylbenzene
resin. The chemical and physical characteristics of both humic acid and fulvic
acid fractions were studied. .
The elemental composition, the acidimetric titration characteristics, the
l3C: l2C ratios, and the ultraviolet-visible, fluorescence, and infrared spectra
were determined. Molecular weight distributions of coastal and Sargasso Sea
ful vic acids were measured by gel permeation chromatography. Structural fea-
tures were further investigated by both proton and carbon-13 nuclear magnetic
resonance spectroscopy. In addition, the fulvic acids and their derivatives
were analyzed by low and high resolution mass spectrometry and combined gas
chromatography-mass spectrometry (GC-MS). Amino acids and organic sol vent-
soluble products in acid hydrolyzatfs were investigated. An array of biogenic
hydrocarbons produced from fu 1 vie acid by a new reduction scheme were character-
ized by GC-MS.
The structural features of seawater humic substances are compl ex. They are
highly aliphatic, polyfunctional materials containing both polar and nonpolar
moieties. Hydrolyzable amino acids constitute a low percentage of the nitrogen.
Fatty aci ds and other 1 i pids are important structural components. Seawater humic
substances have significant structural differences from those of terrestrial
origin; this seems to result mainly from the relatively low input of lignin to
the marine environment and the differences between the physical environment of
the soi 1 and the sea.
A mechanism is proposed for the formation of seawater humic substances from
amino acids, sugars and lipids. The effects and fate of humic substances in the
. sea are discussed.
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I NTRODueT I ON
The sea is the second largest reservoir of organic carbon on Earth after
the sediments. It contains approximately 800 billion tons; 2% of this is
present as living organisms, 9% as particulate detritus and 89% as dissolved
organic matter (Horne, 1969). The source of almost all the organic carbon
in seawater is marine organisms with small inputs from terrestrial runoff
and rain (Menzel, 1974) and possibly abiotic synthesis (Fripiat et al., 1972;
Harvey et al., 1972). Simple organic compounds are transformed in seawater
into complex materials referred to as aqueous humus (Skopintsev, 1972;
Fotiyer, 1972) or Gelbstoff (Kalle, 1966). Organic materials which reach the
sediments are subject to further chemical reactions. However, the reactions
in seawater and surface sediments, the Kinetics and the products of the
transformations are only poorly understood.
The organic compounds in seawater have effects on biological, physical
and geochemical processes in the sea. For example, primary productivity is.
influenced by the presence of dissolved organic carbon (Barber and Ryther,
1969; Sunda, 1975; Prakash and Rashid, 1968) and organic carbon may be an
important source of energy for organisms living in deep waters (Craig, 1970;
Wangersky, 1972). Organic matter in seawater modifies the air-sea interface.
It is responsible for sea slicks, the foaming of seawater (Blanchard, 1964;
Garrett, 1972), and the damping of capillary waves (Garrett, 1967; Barger
et al., 1974). Organic compounds participate in processes at the sedinient-
water interface. Ion exchange (Rashid, 1969), calcite precipitation (Kitano
and Hood, 1964; Chave and Suess, 1970) and the surface charge on particles
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(Neihof and Loeb, 1974) may be influenced by the organic matter in seawater.
The oxidation of organic matter affects the redox potential of seawater
which, in turn, can have dramatic effects on biological and chemical pro-
, cesses (Breck, 1974). Under special conditions of 1 imited ci rcul ation, com-
plete utilization of oxygen can result in reducing environments such as the
eariaco Trench and Santa Barbara Basin.
In spite of the importance of organic carbon in seawater, little is
known about how this material influences biological, physical and other
chemical processes in the sea, what reactions occur during the initial stages
of transformation and what products resul t from these transformations. About
10% by wei.ght of the dissolved organic matter in seawater has been identified
as common components of living organisms such as free and combined amino
acids, carbohydrates, fatty acids, hydrocarbons, steroids, urea and glycolic
acid (Wagner, 1969; Riley and Chester, 1971; Gagosian, 1975). Structural
features and physical properties of the complex material referred to as
aqueous humus or Gelbstoff are almost completely unknown.
Bul k Properties
Resistance
The resistance of seawater organic matter to bacterial degradation
bas been investigated by several workers (Kriss, 1963; Barber, 1968; Ogura,
1970; Ogura, 1972; Skopintsev, 1972). The results demonstrate that a frac-
tion of the surface water organic matter, and nearly all of the deep water
organic matter, is resistant to bacterial decomposition.
-11-
Isotope Rati os
Measurements of 13C: 12C ratios of the dissolved and particulate
organic matter in seawater (Williams, 1968; Williams and Gordon, 1970;
Nissenbaum, 1974) demonstrate that l2C is enriched during the formation of
these materials from the organic matter of primary producers. The preserva-
tion of the lighter lipid fraction (Nissenbaum, 1974) relative to the more
labile protein and carbohydrate fractions may be responsible.
Spectra
Investigations of the ultraviolet (uv) and visible (vis) absorption
and fluorescence of surface seawater have been carried out by Kalle (1938,
1949,1956,1961,1963,1966), Jerlov (1955, 1968), and others (Armstrong and
Boalch, 1961; Ogura and Hanya, 1952). These authors have shown that seawater
displays a smoothly increasing absorption of visible and ultraviolet light
with decreasing wavelength and displays a blue fluorescence upon irradiation
with ultraviolet light. Both the absorption and the fluorescence decrease
as the salinity of the seawater sample increases, but the fluorescence to
absorption ratio increases. Without more detailed knowledge of the seawater
organic matter composition, specific interpretation of these results is not
feasible.
Kalle (1966) has observed that the ratio of absorbance at 420 nm
to that at 665 nm increase as the salinity of the seawater increases. The
value and increasing trend of this ratio with salinity has been interpreted
by Kalle to indicate that the absorbing organic materials in seawater, called
-12-
£elbstoff~ are produced in seawater and have structural features similar to
rnlanoidins formed as condensation products of amino acids and sugars. This
interpretation is extremely speculative considering the lack of any support-
ing evidence.
Observations by Jerlov (1968) of high uv-vis absorbance in highly
productive upwelling waters west of South America provide evidence that
light absorbing substances are produced in seawater. In support of these
findings are resul ts of laboratory studies which demonstrate that light ab-
sorbing substances are produced in water of cultures of marine algae (Fogg
and Boalch, 1958; Craigie and McLachlan, 1964; Yentsch and Reichert, 1961;
Sieburth and Jensen, 1969; Rashid and Prakash~ 1972).
Studies of Aqueous Humus
Several investigators have attempted to characterize fractions of the
dissolved organic carbon isolated from seawater (Khay1ov" 1968; Sieburth
and Jensen, 1968; Kerr and Quinn, 1975). Khaylov (1968) isolated a fraction
of coastal seawater organic matter by adsorption at the interface of sea-
water-chloroform emulsions. This material was base soluble and gel permea-
ti.on chromatography demonstrated that its molecular weight extended to
200,000. From these results~ Khaylov (1968) speculated that the material he
iso 1 ated was protei naceous in character.
Sieburtb and Jensen (1968) isolated a fraction of the dissol ved organic
carbon from acidified coastal water collected 6 km west of Tron'dheim, Norway
by absorption on nylon cloth. Analysis of basic eluents by two-dimensional
paper chromatography using bis-diazotized benzidine spray reagents led these
-13-
investigators to assign a phenolic nature to the isolated organic matter.
Materials isolated from river water by the same procedure showed different
chromatographic patterns, suggesting that the source of the organic matter
isolated from seawater was not river runoff.
Kerr and Quinn (1975) have isolated, by adsorption on charcoal, a frac-
tion of the dissolved organic matter from coastal and Sargasso Sea surface
waters. Ultraviolet and visi.ble spectra of base eluents exhibited absor-
bance that increased smoothly towards shorter wavelength. The extinction
of comparable base extracts of soil and bay sediments was higher than that of
the Sargasso Sea sample. Therefore, the base soluble material isolated
from seawater possesses fewer chromophores than comparabl e soil or sediment
extracts. This indicates a less condensed character for the seawater base-
soluble materials.
These investigations leave many gaps in our understandi.ng of the origin,
structure and properties of aqueous humus. For example, what fractions of
the biologically produced organic matter are incorporated into the aqueous
humus, how are these substances involved in biological, chemical and physical
processes in the sea, and what fractions of the organic matter are ultimately
incorporated into the sediments?
From the studi.es of Khaylov (1968), $ieburth and Jensen (1968), Jeffrey
and Hood (1958) and Kerr and Quinn (1975) it is known that at least 30% of
the uncharacterized organic matter in seawater is soluble in aqueous base.
Base sol ubl e organi c material s are al so importantconsti tuents of soi 1 sand
sed iments.
-14-
Soi 1 and Sedimentary Humic Substances
Base soluble materials isolated from soils and sediments are defined
as humic substances and have been studied extensively. (Soils: Stevenson
and Butler, 1969; Kononova, 1966; Schnitzer and Khan, 1972; Sediments:
. Wakesman, 1933; Rashid and King, 1971, Ishiwatari, 1971; Nissenbaum and
Kaplan, 1972; Bordovsky, 1965; Degens et al., 1964; Jackson, 1975.) Humic
substances constitute the largest fraction of the organic matter in soils
and modern sediments. They are thought to arise from plant and animal
material by decomposition and resynthesis; both bacterial and non-biological
processes may be involved. They are complex mixtures of variable molecular
weight, oxygenated, polyfunctional molecules containing heteroatoms and
metals, and phenolic, carboxylic, keto, amido, hydroxylic and quinoid
functionality. Specific structural features are not well understood.
Soil and sedimentary humic substances show differences i.n elemental
composition, specific density, functional groups, and products produced
upon oxidative or reductive degradation which suggest differences in struc-
ture and a more aromatic character for the soi 1 humic substances Clshiwatari,
1971; Nissenbaum and Kaplan, 1972; Huc and Durand, 1974; Rashid and King,
1970; Ishiwatari, 1969). These investigations have demonstrated that humic
substances are produced by decomposition and resynthesis in both soils and
sediments, however, differences in the sources of organic matter and
the properti es of the envi ronment infl uence the structural features of
the final products.
'~'-:;
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Humic substances of soils and sediments are growth promoting agents for
marine algae (Prakash and Rashid, 1968; Prakash et al., 1973) and terrestrial
plants (Schnitzer and Poapst, 1967), chelators of metals (Koshy and Ganguly,
1969; ;Nanning and Ramamoorthy, 1973; Hartin et al., 1971; Rashid and Leonard,
1973), and sol ub i1 izing .agents for hydrophobic substances in aqueous sol uti on
(Matsuda and Schnitzer, 1971; Boehm and Quinn, 1973). Humic substances may
be precursors of kerogen in sediments (Degens et al., 1964; Brown et al., 1972;
Huc and Durand, 1974).
This Investigation
The basic structural features of the large uncharacterized fraction of
seawater dissol ved organic matter must be elucidated if we are to understand
its sources, mechanisms of formation and effects in the sea~ This investiga-
tion concerns the characterization of a base soluble (humic substance) frac-
tion of this material since it has been shown to constitute as much as 30%
of the tota 1 .
The recovery of sufficient material to allow physical and chemical
characterization studies was required. An isolation procedure was developed
to obtain gram quantities of humic substances from seawater containing
fractions of mi 11 igrams per 1 iter in the presence of 35 grams per 1 iter of
salt. Humic substances were isolated from seawater well away from the in-
fluence of terrestrial runoff so that results of characterization represent
humic substances of truly marine origin. Characterization included basic
physical property analyses, as well as chemical analyses designed to provide
-16-
structural information. The results are compared to studies of humic sub-
stances from soils and sediments to aid in interpretation. The results are
interpreted so as to provide information on structural features,
possible precursors, and mechanisms of formation of the humic substances in
seawater.
-17-
eHAPTER 1 .
Introduction
This chapter describes the procedure developed for the isolation of
humic substances from seawater, the fractionation of the humic substances
into humic acid (HA) and fulvic acid (FA) and analys.es of bulk properties of
these materials. Humic acids are. operationally defined as organic materials
which are soluble in aqueous base and insoluble in aqueous acid. Fulvic
acids are soluble in both aqueous base and aqueous acid (Figure 1-1). Acid-
base fractionation methods were developed by soil chemists to obtain more
homogeneous subfractions of soil organic matter (Schnitzer and Khan, 1972);
it is employed in this study for the same purpose.
The HA and FA were studied by ultraviolet (uv), visible (vis), fluores-
cence, and infrared (ir) spectroscopy, and their molecular weight distribution,
elemental composition and l3e/12c ratios were determined. The equivalent
weight of Sargasso Sea FA was determined by acidimetric ti tration. These data
and comparison with data on soil and sedimentary humic substances, which have
been more extensively studied, provided structural information on seawater
humic substances.
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Table 1-1). Coastal water samples were collected from a pier in three meters
of water in Vineyard Sound, Massachusetts, U.S.A.
Surface seawater (6 m) was sampled by drawing water with vacuum through a
3/4 inch # 316 stainless steel pipe extended over the side of the ship and was
collected in 55 gallon, # 316 stainless steel drums. Water samples contacted
only stainless steel. The ship's sewer and garbage disposal were secured before
arriving and while on station. The deep (1500 m) water sample (360 1) was
collected by six successive lowerings of a 60 liter Bodman bottle (Bodman
et a 1., 1961) and transferred to the 55 gallon drum.
All sampling equipment was cleaned prior to use with hot alkali, and
successive washings of Micro detergent (International Products, Trenton, N. J.),
water, 1 li HC1, 1 Ii t.JaOH, ethanol and distilled \"later. A final 1% im40H rinse
was checked by uv spectroscopy and showed no uv absorpti on higher than a re-
ference solution. Prior to use, the sampling equipment was rinsed with sea-
water.
Isolation and Fractionation of Humic Substances
The seawater samples were acidified to pH 2 with 12 N HCl and passed
through a 250 cc column (height:diameter = 10:1) of Amberlite XAD-2 resin
(Rohm and Haas, Philadelphia, Pa.) (Rohm and Haas, 1972; Riley and Taylor,
1969) with glass wool plugs above and below to secure it and to prevent large
particles from entering. Flow rates were less than two bed volumes per
minute.
After use, the resin was frozen for storage and thawed before elution.
The resin was then placed in a new column and salt was eluted with distilled
-19-
TABLE 1-1
Sargasso Sea Station Data
Station Location
R/V CHAIN- 111 Temperature (0C) Sa 1 i n ity (%0)
39044.0'N, 64035.0'W 17 .7 36.730
37032.8IN, 62052.1'W 22.1 36 .618
35023.41 N, 60003.0'W 19.1 36.735
R/V KNORR-33 (Surface Water)
35013.8IN, 63035.91W 27.1 36.006
33039.0 i N, 62020.41 W 27.1 36.330
32023.0IN; 59050.0'W 27.4 36.591
32016.5LN, 62059.41W 27.8 36 .258
(1500 m)
32028.0IN, 59048.0'W 4.5 35.092
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water to a negative silver nitrate test; no color was observed in this eluent.
The humic substances were then eluted with 5 bed volumes of NH40H solution
prepared fresh to pH 11.6 by dissolving reagent grade ammonia gas in KMn04
distilled water. The eluent was concentrated at 350C to 25 ml on a rotary
evaporator, acidified to pH 2, and extracted with methylene chloride to remove
lipids. The humic substances were recovered from the aqueous solution by
lyophi 1 i zation. The ful vic add fraction was obtained by di ssol ution in 0.01
.. HC1; the insoluble humic acid was removed by centrifugation at 1800 g for
15 minutes. The humic acid was dissolved in NH40H, lyophilized to remove ex-
cess ammonia, and suspended in 0.01 .. HC1. Lyophilization of the two frac-
tions yielded the dry fulvic and humic acids in the protonated form.
The adsorption efficiency of the resin for fulvic acid was estimated by
readsorption of the fulvic acid from O. 7 ~ NaCl (a pproximate seawater ionic
strength) solution at pH 2 on an Amberltte XAD-2 column. Measurement of the
uv absorbance of the solution entering and leaving the column at different
flow rates was used to determine. aåsorption efficiencies. Efficiencies greater
than 97% were observed at flow rates below 2 bed volumes per minute. Recovery
from the column by base elution as described above was 73%.
An experiment was carried out to determi ne i.f nitrogen was incorporated
into the ful vic acid by the NH40H elution procedure. Identical columns were
used to isolate fulvic acid from identical coastal water samples. The first
column was eluted with NH40H and the second column was eluted with NaOH of
equal pH and ionic strength. Fulvic acid was recovered from the NH40H
eluent as described above. NaOH was substituted in the isolation of fulvic
-21-
acid from the NaOH eluent. The elN atomic ratios of the NaOH-eluted fulvic
acid and NH40H-e.luted fulvic acid were 15. 1 and 13.4, respectively. The
NH40H elution procedure was adopted in spite of this nitr.ogen increase to
avoid contamination problems from desalting with ion exchange resins or losses
of low molecular weight material while desalting by dialysis..
Preparation of the Resin
Raw Amberlite. XAD-2 resin contains many impurities and requires extensive
cleaning prior to use. Soxhlet extracti.on, first with acetonitrile then by
severa 1 batches of benzene, reduced blanks to na~ogram 1 eve 1 s wi thin three
weeks. The resin was checked for impurities by elution in a column with both
0.5 ~ NaOH and ethanol; the eluents were concentrated to 1/100 their volume and
analyzed by uv. Also, the acidified base eluent and the water diluted ethanol
eluent were extracted with hexane, the hexane was concentrated to 100 ll' and
5 ll was analyzed by gas chromatography on a 2% SE-30 column (Chromosorb W HP,
6 ft., temperature programmed, 75 to 3000C at 60C/min). No peaks were observed
with the clean resin eluent extract (detection limit 10 ng/component); the un-
treated resin showed a complex distribution of peaks.
During a two week exposure of Amberlt te XAD-2 resin to 0.01 N HCl at
room temperature in the light less than 5.llg of two compounds were formed.
These compounds were identified (by methylation and GC-MS) as benzoic acid and
phthal ic acid. It is 1 ikely that these are products of oxidation of the Amber-
lite XAD-2 resin, a styrene-di.vi.nylbenzene polymer.
Spectroscopy.: UV-VIS absorption spectra were measured in distilled water with
a Cary model 14 spectrophotometer.
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Ir spectra were obtain~d on a Perkin-Elmer Model 337 grating infrared
spectrophotometer wi th KBr pe 11 ets.
Fluorescence analyses were carried out on a Perkin Elmer model MPF-3L
fluorescence spectrophotometer. Sample concentrations in distilled water
were used such that absorbance was less than 0.05 at the excitation and
fluorescence emission wavelengths to avoid non-linearity, quenching and self
absorption. Fluorescence maxima as a function of excitation wavelength were
determined by holding the emission monochromator at the fluorescence maximum
while scanning the excitation monochromator from 200 to 400 nm. The following
standard conditions were used to make relative measurements: an excitation
wavelength of 313 nm was chosen and the fluorescence intensity of 1.0 ppm (~g/nil)
sample solutions was compared to that of a 1.0 ppm quinine sulfate (Matheson,
Coleman and Bell Chemicals) solution at their fluorescence maxima.
13C/12C Ratios: The 8l3C values. of the CO2 gas evolved in burning 1 mg of
solid sample at 8000e over CuO was determined with a Nuclide mass spectrometer
(State Coll ege, PaJ. . 8l3C is defi ned as:
L 13 12
( C/ C) samp 1 e
13 12
( C/ C) standard
- J X 1000.
The National Bureau of Standards Norite sample 20 served as the standard but
values are reported relative to Chicago Pee Dee Belemnite.
Elemental Analyses: Duplicate analyses for C, H, N, S, and ash were carried
out by Galbraith Laboratories, Inc., (Knoxville, Tenn.) on the fulvic acid
sample from the Sargasso Sea surface ~"'ater.
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Acid Titration: A titration of fulvic acid isolated from the Sargasso Sea
was carried out in carbonate-free NaOH solution with standardized HCl
(0.0975 N). The titration curve of the sample solution is compared to that
of a blank NaO~ solution.
Molecular Weight Distributions: The molecular weight distributions were
determined by gel permeation chromatography (GPC) on Sephadex G-10, G-15 and
G-25 gels (Pharmacia Fine Chemicals, Inc.). The eluent was 0.05 M NH4HC03
(pH 7.1). Samples (10 mg) were dissolved in 5 ml of buffer and. each chromato-
gram was run on a new sample. Columns were 2.5 cm in diameter and 80 to 100
em long. The exclusion volume of each column was determined by chromatograph-
.ing a 5 ml sample of Blue Dextran 2000 (molecular weight 2,000,000). Sample
elution was monitored with a Gilford in-line absorptiometer (Oberlin, Ohio)
at 280 nm. Five milliliter fractions were collected for measurements of ab-
sorpti on spectra.
Total Organic Carbon Analysis: The organic carbon content of unfiltered
acidified seawater samples was determined by the method of Menzel and Vaccaro
( 1964 ) .
. Resul ts
Recoveries of humic acid and fulvic acid from the seawater samples, the
HA:FA ratios, the percent of the total organic matter (TOM) represented by
these fractions, and the absolute amounts isolated in ~g/l are presented
i n Tab 1 e 1- 2.
The uv-vis absorption of both the coastal and Sargasso Sea fulvic acid
increases smoothly with decreasing wavelength except for a slight shoulder
-24-
TABLE 1-2
Recovery of Humic Substances from Seawater
Samp 1 e Water Vol ume Tota 1 (HA + FA) HA: FA % of Absolute Re-
0) (mg) Ra t i 0 TOC covery (llg/l)
R/V CHAIN-l11
Surface 1150 153.6 o : 100 5.1 134
R/V KNORR-33
Surface 2000 287.2 3:97 4.9 144
Deep 350 66.2 22: 78 22.5 189
Pier - Vineyard Sound
Apri 1, 1973 200 35.7 15:85 4.5 179
June, 1973 600 122.7 1 6 : 84 3.7 205
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at 280 nm in the Sargasso sample (Figurel-3). The ratio of absorbance at 420 nm
to that at 665 nm (E 420/665) is lower for the Sargasso Sea fulvic acid than for
the coastal fulvic acid. Light extinction on a unit weight basis is dramati-
cally lower at all wavelengths for the sample from the Sargasso Sea (Table 1-3).
Fluorescence spectra of Sargasso Sea and coastal surface water ful vi c
acids are presented in Figure 1-4. A single fluorescence maximum at 405 nm is
observed for the Sargasso sample while a primary fluorescence maximum at 415
nm and a secondary maximum at 437 nm is observed for the coastal sample
(Figure 1-4). Single excitation maxima at 332 nm and 325 nm were observed for
the Sargasso and coastal samples, respectively. Higher concentrations of
250 ~g/ml were used to eliminate interference of the water Raman band for
qualitative display in Figure 1-4. Sample fluorescence intensity compared to
the quinine standard with dilute sample solutions (10 ~g/ml) are presented in
-Table 1-4, together with fluorescence intensity relative to absorbance of the
sample at 313 nm and 420 nm.
The ir spectra of Sargasso Sea surface water fulvic acid and coastal
water fulvic and humic acid(Figure 1-5) all display broad absorption in the
Q-H and N-H stretching region characteristic of acids, alcohols, amines and
.
amides (2900 to 3600 cm-l). The absorption in the C-H stretching region
(2800 to 3100 cm-l) is partially masked by the acid O-H stretching but still
evident in all spectra. The broad absorption at 1700 cm-l is due to c=o
stretchi ng of carb6xyl i c aci ds and other carbonyl groups. Strong absorpti on
is also observed in the C-H bending region (1350 to 1480 cm-l) and C-O, C-N,
. -1
and C-C stretchi ng regi on (900 to 1300 cm ).
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TABLE 1-3
UV-VIS Extinction Coefficients (1 g-lcm-li
Fulvic Acid Sample
Wavelength (nm) Sargasso Sea eoasta 1 Water
240 4.38 10.75
250 2.30 8.89
260 1.59 7.89
270 1.32 7.29
280 1.04 6.21
290 0.64 5.08
300 0.45 4.29
350 0.40 1.99
400 0.07 0.79
420 0.05 0.50
500 0.03 0.16
665 0.01 0.06
E 420/665: 4.8 8.2
-27-
TABLE 1-4
Fluorescence of Seawater FulvicAcid
Fu1vic Acid
Samp 1 e
* .
Fl uorescence Intens i ty
**
Fl uorescence :Absorbance Ratio
313 nm 420 nm
Sargasso Sea
Coastal Water
1.31 x 10-3
4.82 x 10-3
3.0
1.3
26.0
9.6
*
Fluorescence intensity of 1 ppm sample solution relative to 1 ppm quinine
sulfate solution - excitation wavelength 313 nm.
**Flurrescence intensity divided by absorbance (1 mg-l cm-l) at wavelength
i ndi cated.
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The two fulvic acid ir spectra have absorptions at 1560 cm-l which is
absent in the humic acid spectrum (Figurel-5). This band is characteristic of
carboxylic acid anions, monosubstituted amides or primary amines.
The ô13C values of Sargasso Sea surface water fulvic acid, coastal water
fulvic acid and coastal water humic acid are -22.79 0100, -23.72 0100 and
-22.780/00, respectively.
Table 1-5 presents the e.eme.nt eompö¿lton and atomic ratios of Sargasso
Sea surface water fulvic acid along with typical elemental compositional ranges
of soil and marine sedimentary fulvic acids.
No inflections in the titration curve (Figure 1-6) nor secondary maxima in
the derivative plot (Figure 1-6) are observed. An equivalent weight of 473
gleq is calculated from the titration data.
The gel permeation chromatograms of Sargasso Sea and coastal water fulvi c
aci d are presented in Fi gure 1-- j' and 1 -8. Also shown are the Bl ue Dextran 2000
chromatograms (cross-hatched areas) which have been normalized to the sample
curves. The molecular weight distributions calculated from the GPC data
~for the two samples are presented in Figure 1-9. These distributions are cal-
culated from the fraction of the sample excluded from each gel (equivalent to
the cross-hatched area) and the fraction of the sample retained by that gel,
(equivalentto the remaining area under the curve). The calculation requires
the assumption of a constant extinction coefficient over the entire GPC run,
though elution curves at 280 nm and 420 nm give evidence of variations in the
relative extinctions during the GPC run. However, molecular weight distribu-
tion calculations using either wavelength agree within 4%. The assumption
is expected to bias the results slightly towards higher molecular weight.
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TABLE 1-5
El ementa 1 Composition of Sargasso Sea Fulvic Acid
(Ash: 3.37%)
%C %H %N %0 %S H/C
49.98 6.76 6.40 36.40 0.46 1.61
Marine Sedimentary Fulvic Acid (Rashid and King, 1970)
46. i-48. 7 6.0-6 .6 3.4-5.2 41.8-44.3 1.49-1. 70
Soil Fulvic Acid (Schnitzer and Khan, 1972)
42.5-50.9 3.3 -5.9 0.7-2.8 44.8-47.3 0.3-1.7 0.77-1.64
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Weighing of the small GPC fractions i.n the, presence of large amounts of buffer
salt was not feasible.
An uncertainty exists concerning the exclusi.on limits of th~ gels; there-
fore, molecular we.ight ranges are given as Sephadex gel grades. CaHbration
of the Sephadex G-10, G-15 and G-25. gels with proteins and polysaccharides
yields exclusion limits of 700, 1500 and 5000, respectively. However, according
to Schnitzer and Skinner (1968) these limits are too high when applied to
soil fulvic acid and, therefore, may be high when applied to seawater humic sub-
stances.
All samples are eluted withi.n one column volume and upon rechromatography
of narrow elution fractions, elution again takes place within the same narrow
band; this demonstrates that gel-solute interactions are not interfering with
molecular size separation.
Di scuss i on
The adsorption procedure developed in this study allows the convenient
isolation of gram quantities of dissolved organic matter (DOM) from tons of
seawater containing kilograms of salt. Between 4 and 23% of the total organic
carbon in seawater is recovered as humic substances depending on the sample
origin (Table 1-2). The stability of the divinylbenzene-styrene polymer resin
(Amberltte XAD-2) allows organic blanks to be reduced to levels not attain-
able with charcoal or polyamide resins previously used (Sieburth and Jensen,
1968; Kerr and Quinn, 1975). The elution procedure avoids desalting of the
final isolates.
Adsorption of humi: substances on Amberl ite XAD-2 resin is by simple
Iiydrophobic bonding to the polyaromatic hydrocarbon resin surface. Only
hydrophobic compounds or compounds containing hydrophobic moieties are adsorbed.
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Hydrophilic compounds such as amino acids, sugars, etc. are not adsorbed by
the resin (Rohm and Haas, 1972). Humic acids, because of their higher molecular
weight and lower oxygen content, are much less water-soluble and more hydro-
phobic under acidic conditions than fulvic acids and would be expected to ad-
sorb to XAD-2 more efficiently. Fulvic acids containing more hydrophobic
moieties would be adsorbed on XAD-2 in preference to more hydrophilic fulvic
acids. Therefore, a low recovery of humic acid (high FA:HA ratio) is evidence
that low levels of humic acids are present in the seawater sampled. On the
other hand, low recoveries of fulvic acids may result from either low levels
in the seawater or a smaller fraction of fulvic acids containing sufficient
hydrophobi c character for adsorpti on.
In spite of the limited number of samples, it is interesting to specu-
late on variations in recoveries of humic substances and on the FA:HA ratios
'observed in different samples.
The highest (97:3) and lowest (78:22) FA:HA ratios are observed in the
Sargasso Sea surface and deep water respectively, although the absolute re-
coveries in ~g/l are similar (Table 1-2l These observations suggest that the
transformation of fulvic acid to humic acid is occurring over time since the
deep water contains organic matter which is older than surface water organic
matter (Williams et al., 1969). The transformation of fulvic acid to humic
acid in soils and sediments is suggested by several studies (Kobo and
Tatsukawa, 1961; Nissenbaum and Schallinger, 1974; Nissenbaum, 1974).
The small humic substance fraction of the TOC (Table 1-2) in the Sargasso
Sea surface water sampl e (5%) compared to that of deep water (23 %) may be
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the result of a large fraction of hydrophilic, non-humic substances freshly
produced by biological productivity in the surface waters.
In coastal water samples, the low humic substance fraction of the TOC
may also indicate that a large fraction of the TOC is present as hydrophilic
and non-humi c organi c subs tances produced by bi 01 ogi ca 1 producti vi ty. In
addi ti on, adsorpti on and subsequent depos i ti on of the more hydrophobi c di s-
solved materials with the high particulate load in coastal waters will leave
less dissolved material in solution which can be adsorbed by the Amberlite
XAD-2 resin. The relatively low FA:HA ratio (85:15) in coastal water compared
to the Sargasso Sea surface water sample, may result from the short water
column in which humic acid fluxes from bottom sediments or bacterial or
surface catalyzed conversion of FA to HA on the more abundant particulate
matter can affect the dissolved humic substance composition. Terrestrial
runoff does not seem to contribute since the o13C values of the coastal water
humic substances (-22.7 to -23.80/00) are within the range of o13C values
of mari ne sedimentary humi c substances (Ni ssenbaum and Kaplan, 1972), d i s-
solved organic matter in open ocean seawater (Williams, 19681, and very close
to the value obtained for the Sargasso sea surface water fulvic acid (-22.80/00).13 0
Terrestrial humic substances typically have 0 C values between -25 and -29 /00
(Nissenbaum and Kaplan, 1972).
The elemental composition of the Sargasso Sea surface water fulvic acid
is compared to that of fulvic acids isolated from soil and marine sediments in
Tablel-3. The oxygen content is low and the H:C atomic ratio is high. The
sulfur content is typical of soil fulvic acid values but low when compared to
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fulvic acids from marine sediments. The nitrogen content is within the range
of mari ne sedimentary ful vic acids but much higher than that reported for soi 1
fulvic acids, The small ammonia uptake duri.ng isolation of the fulv1c acid does
not a.ffect this interpretation.
The low oxygen content and high H:C ratio suggests fewer functional groups
and less unsaturation in the seawater fulvic acid. This is supported by
the lower light absorbance, especially in the visible range (Table 1-3; Figure
1-3), when compared to that of soil and sedimentary fulvic acid.
The low sulfur content observed for the fulvic acids from seawater and
soil may reflect the low abundance of organic sulfur in plant and animal
material, while the high sulfur values observed in marine sedimentary fulvic
acid may resul t from diagenetic processes in reducing sediments (Nissenbaum
and Kaplan, 1972).
High nitrogen functionality indicated by the abundant nitrogen in the
seawater fulvic acid is supported by the ir absorption at 1560 cm-l characteristic
of secondary amides, ami nes or carboxyl ate anions (Figure 1-5). Absorption in
this region is not observed in soil fulvic acid ir spectra but is prominent in
ir spectra of lacustrine sedimentary humic substances (Ishiwatari, 1967).
Ishiwatari observed a correlation between the absorbance at 1540 cm-l and the
nitrogen content presumably in amide functions of humic substances. However,
carboxylate anions in amphoteric species also absorb in this region; their
abundance would depend on the presence of amino cations and, therefore, nitrogen
content. The 1560 cm-1 absorption in the fulvic aci.d spectra and its absence
in the humic acid spectrum (Figure 1-5) s.upports that explanation si.nce solu-
bility in acid would be enhanced by the amphoteric property.
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Except for the 1560 cm-l absorpti on di scussed above, the i r spectra of
seawater humic substances show characteristics similar to those of soil and
sedimentary humic substances. Complex and broad absorption bands suggest
compl ex mi xtures of po lyfuncti ona 1 organi c mol ecul es.
Complex mixtures of functional groups is also indicated by the lack of
inflections on the main titration curve and lack of secondary maxima on the
derivative plot (Figure 1-6) of seawater fulvic acid. The wide range of pKa
values may indicate polyacidic (Stumm and Morgan, 1970, p. 482) or mixtures of
amphoteric structures. In contrast, soil humic substances display inflec-
tions on the titration curve which become more prominent in derivative plots
(Borggaard, 1974); di screte groupings of pK iS characteri sti c of carboxyl i c. a
acid and phenolic functionality are indicated.
The equivalent weight of 473 g/eq determined for the Sargasso Sea surface
. water fulvic acid and high oxygen content (approximately 10 oxygens/eq; Table
1-5) indicate that most of the oxygen in the fulvic acid is present as
non-acidic functional groups such as alcohols, ethers, amides and esters.
The ô13C values of the seawater humic substances (-22.7 to -23.8 0/00)
fall within those of humic substances isolated from marine sediments
(Nissenbaum and Kaplan, 1972) and those of seawater dissolved and particulate
organic carbon (Williams, 1968; Williams and Gordon, 1970). Continental humic
substances have ô13C values between -25 and -29 0/00 (Nissenbaum and Kaplan,
1972). This supports the assumption of marine sources for the seawater humic
subs tances .
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Most of the fulvic acid isolated from the Sargasso Sea has a molecular
weight less than 700, wi.th none extending above 5,000 (Figure 1-8). The coastal
water fulviC acid molecular weight distribution is only slightly higher. In
contrast, soil fulvic acid has molecular weights extending to 10,000 (using
the same criteria) (Schnitzer and Skinner, 1968) or higher (Kononova, 1966).
Sedimentary humic substances have molecular wei.ghts extending to 2,000,000
(Rashid and King, 1969).
Condensation reactions are less likely to occur in the dilute solution of
seawater than in sediments ~r soils where organic matter is concentrated on
particl e surfaces. The lower molecul ar weight range observed for seawater
fulvic acid may result from fewer condensation reactions in the extremely
dilute solution existing in the sea.
From the uv-vis and fluorescence measurements, it is apparent that the uv-
. vis absorption and fluorescence intensity of the Sargasso Sea fu lvic acid is
less than that of the coastal fulvic acid. However, the fluorescence intensity:
uv-vis absorbance ratio is higher for the Sargasso ful vic acid. These same
genera 1 features have been observed for absorbance and fl uorescence of total
seawater by Kalle (1966) and, although quantitative comparison is not possible,
the data suggests that the fulvic acid fraction of the TOC is parti.ally
responsible for Kalle's observations.
Low E 420(665 values and high 1 ight absorption have been used to indicate
a high degree of condensation of humic substances (Nissenbaum and Kaplan, 1972;
Kalle, 1966). However" for seawater humic substances both low light absorbance
and low E 420(665 ratios are observed (this work; Kerr and Quinn, 1975)
suggesting a low degree of condensati.on in spite of low E 420(665 ratios.
-36-
Kalle (1966) has observed that open oçean seawater has a ~i.gher E 420/665
value than coastal seawater. However, humic substances from the Sargasso
Sea have a lower E 420/665 than humic SUbstances of coastal water (this work;
Kerr and Quinn, 1975). This indicates that other fractions of the TOC are
responsible for this observation of Kalle1s.
Summary
(1) A method was developed for i.solati.ng gram quantities of dissolved
organic matter from seawater for chemi.cal and physical analyses.
(2) The bul k properties of seawater fulvic and humic acid are summarized
in Table 1-6.
(3) The marine origin of seawater humic substances is indicated by
significant di~ferences in compositional and spectroscopic characteristics
from those of terrestrial humic substances.
(4) The low molecular weight range of seawater fulvic acid seems to result
from the dilute solution in seawater which decreases the rate of intermolecular
reactions.
(5) Di.fferences between seawater and terrestrial humic substances are
most likely the result of differences in sources of organic matter from which
the humic substances are formed.
-37-
TABLE 1-6
Properties of Seawater Humic Substances
F' uorescence Spectra:
a) C: 49.98; H: 6.40; 0: 36.40; S: 0.46
b) H/ C = 1. 61
c) Stoichiometric formula: CgH1505N
a) Smoothly increasing absorption with de-
creasing wavelength
b) E420/665: 8.2 coastal water fulvic acid
4.8 Sargasso Sea fulvic acid
c) Extinction of coastal greater than Sargasso
Sea fulvics
a) Excitation maxima:
Sargasso Sea fulvic acid: 332 nm
Coastal water fulvic acid: 325 nm
b) Fl uorescence max ima :
Sargasso Sea fulvic acid: 405 nm
Coastal water fulvic acid: primary 415 nm
secondary 437 nm
c) Fluorescence intensity per unit weight:
Sargasso Sea fu'vic acid less than
coastal water fulvic acid
Elemental Composition:
Sargasso Sea fu'vic acid
UV-VIS Spectrum:
IR Spectrum: a) Broad absorptions charac~eristic of complex
mi xtures
b) Similar to fulvic acids of other environ-
ments
c) Absorption at 1560 cm-l in fulvic atids -
not in humic acid
aj Sargasso Sea fulvic acid: -22.790600
b Coastal water fu'vic acid: -23.72 /00
c Coastal water humic acid: -22.780/00
o'3C (PDB)
Acid Titration:
Sargasso Sea fulvic acid
M. W. Distribution:
ab) Smooth curve indicates wide range of pKa IS
) Equivalent weight = 473 g/equivalent
a) Coastal water fulvic acid:
55% less than 700
81 % 1 ess than 1500
99% , ess than 5000
1 % greater than 5000
b) Sargasso Sea fulvic acid:
73% 1 ess than 700
8' % 1 ess than 1500
100% less than 5000
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Figure 1-1. Fractionation of humi c substanceS.
Humic Substances-
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Organic Insoluble
Insoluble
Humic Acid
Treat Basic Solution
With Acid
Soluble
Fulvic Acid
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Figure 1-2. Sargasso Sea sampl ing stations 'on
R/V CHAIN cruise 111 (0), and R/V
KNORR cru i se 33 (surface sample II ;
su rface a nd deep samp 1 e Å ).
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Figure 1-3. UV-VIS absorbance spectra of Sargasso Sea
surface water fu 1 vi c acid (FASS-1) and
coastal water fulvic acid (FACP-4).
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Fi gure 1-4. Fluorescence spectra of Sargasso Sea surface
water fulvic acid (A) and coastal water
fulvic acid (B).
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Figure 1-5. Infrared spectra of Sargasso Sea surface
water fulvi~ acid (A), coastal water
fulvic acid (B), and coastal water humic
acid (C).
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Figure 1-6. Acidimetric titration of Sargasso Sea sur-
face water fulvic acid (upper plot, B)
compared to background curve (upper plot,
A), and derivative plot of acidimetric
titration curve (lower plot).
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Figure 1-7. Gel permeation chromatograms for Sargasso Sea
surface water fulvic acid. The Sephadex gel
grades are indicated (G-number) and areas under
Blue Dextran 2000 chromatograms (exclusion
volume) are cross-hatched.
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Figure 1-8. Gel permeation chromatograms for coastal
water fulvic acid. The Sepadex gel grades
are i ndi cated (G-numbers) and areas under
Bl ue Dextr~n 2000 chromatograms (ex-
clusion volume) are cross-hatched.
~
G-IQ
0.5 Ec0It
~
WÜ 0 iZ
c: 1.0 1.5 2.0
CD 1.0a:0
CJ
CD
c: G-15
w 0.5
~ E
ti
c0
-l co
w C\
a:
0 i I i
1.0 2.0 3.0
1.0
1.0
0.5 E
c
o
co
C\
I
3.0
G-25
o
1.0 2.0
Ve / Vo'
-54-
Figure 1-9. Molecular weight distributions of seawater
fulvic acid. Molecular weight intervals
are given in terms of Sephadex gel grades.
Approximate excl usion 1 imi ts are 700, 1500
and 5000 for G-10, G-15 and G-25 gels,
respectively; see text.
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eHAPTER 2
I ntroduct ion
This chapter pre.sents carbon-13 (13Ci and proton (lH) nuclear magnetic
resonance (nmr) spectra, infrared absorption spectra, and el ementa 1 compositi on
data on Sargasso Sea surface water ful vic acid. The data are compared to
existing data and 13C nmr spectra obtained on terrestrial fulvic acid and inter-
preted to provide structural comparison between terrestrial and seawater ful vic
acids.
Carbon-13 nmr has been a useful tool for obtaining structural information
on small as well as on complex organic molecules (for reviews: Stothers, 1972;
Levy and Nelson, 1972; Gray and Smitli, 1973; Payne, 1974). In principle, l~C
nmr is analogous to lH nmr (Becker, 1969; Emsley et aL., 1965; Stothers, 1972;
Levy and Nel son, 1972). Thus the resonance frequencies of l3C nucl ei pl aced
in an external magnetic field depend on the strength of the applied magnetic
field and on the local magnetic environment of each carbon atom. The advantage
of 13c nmr over lH nmr is that every carbon atom can, in principle, be observed
including fully substituted aliphatic, substituted aromatic, carbonyl, acetylenic
and nitrile carbons. Furthermore, the chemical shift range of 13C nmr extends
we 11 over 225 ppm compared to the 15 to 20 ppm range typically encountered wi th
1 H nmr. Another advantage of 13e nmr over 1 H nmr is that different non-
interfering solvents can be. used; for example, water interferes with lH nmr
but_ not in l3C nmr. Th.is iS important in this, study si.nce fulvic acid is water
soluble. Because the natural abundance of l3e relative to 12C is only 1.1%,
13C_13C spin-spi.n interactions do not contribute significantly to the camp 1 exity
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of the spectra. The low abundance does, however, reduce the sensitivity
of the method. Nevertheless, Fourier transform techniques (Ernst and
Anderson, 1966; and Fararr and Becker, 1971) allow spectra to be obtained
in a matter of hours. Fi na 1 ly, the use of wide band proton decoup 1 i ng not
only simplifies the spectra by eliminating 13C_1H spin-spin interactions,
but it can increase the sensitivity of the method by as much as a factor
of three due to nuclear Overhauser effects (Stothers, 1972; Doddrel1 et
al.,1972).
Experi menta 1
The marine fulvic acid sample was isolated from seawater collected
in the northwestern Sargasso Sea at stations listed in Table 2-1. The
method used for isolation is reported in detail elsewhere (Chapter 1).
Briefly, organic matter is adsorbed from seawater at pH 2 on Amberl ite
XAD-2 resin (Rohm and Haas, Philadelphia, Pa; Riley and Taylor, 1969).
The resin is rinsed with distilled water to remove salt, and humic substances
are eluted with 0.5 !NH40H. Following lyophilization, fulvic acid is
dissolved in 0.01 ! HC1, liquid-liquid extracted with CH2C12 to remove
1 ipids, and recovered from the aqueous sol ution by lyophi 1 ization.
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TABLE 2- 1
Station Data - 279,mg of fulvic acid was isolated from
the combined surface water from the
stat; ons 1 is ted.
Stat; on Locat; on Vol ume (1 ite rs ) Sa 1; nity (0/00 ) Temperature (oC)
35013.8'N; 63035.9'W 400 36.006 27.1
33039.0' N ; 62°20.41 W 400 36 . 330 27.1
32023.0'N; 59050.0.W 800 36.591 27.4
32°18.5' N ; 62059.41W 400 36 . 258 27.8
2000 Total
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The soil fulvic acid was isolated from the Bh horizon of a podzol (Buckman &
Brady, 1960) in Falmouth, Massachusetts, USA. The sample was extracted with
0.4 R NaOH under a nitrogen atmosphere for 24 hours. The extract was acidified
to pH 2.0 and filtered through Reeve Angel Grade 934 AH glass fiber filter.
The filtrate (pH 2; 0.4 M NaCii was passed through Amberl ite XAD-2 resin and
fulvic acid was recovered from the resin by the same procedure used for the sea-
water sample.
Seawate.r fulvic acid (49.8 mg) was suspended in dry methanol and methylated
with diazomethane. in CH2C12 for 30 minutes. After drying under a stream of
nitrogen gas, the methylene chloride soluble products were recovered and the
residual material was again treated with diazomethane. The methylation of
the residual material was repeated twice yielding 51% of the fulvic acid
(25.3 mg) as CH2C12-s01uble material.
Ana lyses for carbon, hydrogen, nitrogen and ash were carried out by
Galbraith Laboratories, Inc. (Knoxville, Tenn.). Oxygen was calculated by
difference.
Infrared (ir) spectra were obtained on KBr micropellets with a Perkin Elmer
Mode 1 337 grating infrared spectrophotometer with beam condensor.
Continuous wave lH nmr spectra were obtained at 350C with a Hitachi-Perkin
Elmer R-20B high resolution 60 MHz nmr instrument (seawater fulvic acid; 100
mg/ml; D20 solvent; methanol internal standard) and a Varian A-60 nmr instrument
(methylated seawater fulvic acid;60~g/ml; CDZC12 solvent; tetramethylsilane
(TMS i internal standardJ. Resonances are reported in parts per mill ion (ppm)
downfield from TMS.
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The l3C nmr spectra were obtained on a Bruker HFX-90-18 nmr spectrometer
interface.d with a Digilah FTS/nmr-3 computer. Tliis spectrometer has been
el.egantly modified to acfiieve extensive multinuclei capability (Traficante,
Sinms and Mulcay, 1974). It was operated in the Fourier transform mode with a
fluorine field/frequency lock and full proton decoup1ing (1.2 KHz bandwidth);
both 13c nmr spectra were obtained using a 900 pulse with a total pulse delay
and acquisition time of 0.74 seconds. A total of 113,789 and 88,307 pulses
were required for the marine and terrestrial fulvic acid, respectively. A
saturated solution of KF in doubly distilled water was used to provide an inorganic
source of fluoride which would not interfere with the l3C nmr spectra of the fulvic
acids. When the more commonly preferred hexafl uorobenzene was used for the
'fluorine field/frequency lock signal, the aromatic region of the resulting 13C
nmr spectra of seawater ful vic acid was masked due to large interfering peaks
àt 145 and 133 ppm (the. 139 ppm resonance from the carbon in hexaf1uorobenzene
is spl it into a doubl et due to spin-spin coupl ing with 19F JeF = 268 Hz). A
10 mm (od) coaxial nmr tube with an internal tube of 5 mm (od) diameter was used
for the l3C nmr experiments. The fulvic acid samples were placed in the cavity
be.tween the tubes, and the KF lock solution (containing 2% dioxane internal
standard) was placed in the internal tube. The spectra were obtained at 44oC,
and chemical shifts are reported in ppm downfiel d from TMS.
Immediately before each, l3C nmr study, the fulvic aci.d sample i¡¡as di.s-
solved i.n 0.01 N HCl and centrifuged 02,000 rpm, 20 min., OOC) to remove any
suspended materi.al. A 2.5 ml solution of 48 mg/ml was used for the seawater
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fulvic acid of molecular weight range 200 to 5000 with 81% le~s than 1500- .
(Chapter 1). A 3.0 ml solution of 44 mg/ml was used for the terrestrial
fulvic acid. A molecular weight range of 175 to 3,600 was determined for a
podzol fulvic acid from the Bh horizon by Schnitzer and Skinner (1968); a
molecular weight range of 500 to 10,000 was indicated for a Bh horizon podzol
fulvic acid by Levesque (1972). The soil ful vic acid used in this study is
assumed to have a molecular weight r~nge between 175 and 10,000.
Resul ts
The isolation procedure may fractionate the seawater humic substances
(Chapter 1), therefore, the terrestrial humic substances were subjected to the
same procedure to obtain a comparable sample.
The e.eme.nt compo~iton6 and ash contents of the seawater and terrestrial
fulvic acid samples are presented in Table 2-2. The major differences in
elemental composition between the seawater and terrestrial fulvic acids are the
relatively lower oxygen content and higher nitrogen content of the seawater
sample. In addition, the H/C atomic ratio for the seawater fulvic acid is 1.61
compared to 1.15 for the terrestrial sample. Both samples have similar ash
contents.
The 13C nmJi ~pe. of the seawater and terrestrial fulv1c acid samples
are presented in Figure 2-1 and 2-2, respectively. The broad resonances be-
tWeen 170 and 185 ppm in the 13C nmr spectra of both the seawater and terres-
trial fulvic acid samples are characteristic of ester, carboxylic acid and
ami.de groups. It should be noted, however, that in the terrestrial fulv1c
Samp 1 e Source
Seawater
Terres tri a 1
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TABLE 2-2
Elemental Composition (Ash Free Basis)
%C %H
49.98 6.7~
46.69 4.51
%N %0 (by di fference) % Ash H/C Rati 0
6.40
0.50
36.86
44.29
3.37
2.35
1.61
1.15
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acid spectrum the carbonyl peaks are broadened toward 170 ppm.. ..
The. broad resonances in the. 60-100 ppm range of both the. seawater and
terrestria 1 spectra are characteristic of po lyhydroxyl. groups. The sharp
resonance at 67 ppm in both spectra is from the internal standard, dioxane.
Significant differences exist between the seawater and terrestrial fu1 vic
acid spectra. The seawater fulvic acid spectrum shows more predominant re-
sonances in the 10-60 ppm region, characteristic of aliphatic moieties. Re-
sonances in the 110-160 ppm region of the spectra characteristic of aromatic
constituents are slightly more predominant 'in the terrestrial ful vic acid
spectrum.
The 1 H nm~ ~p~ of the seawater fulvic acid and of the methylated
seawater fulvic acid are shown in Figure 2-3 and 2-4, respectively. The fulvic
acid nmr spectrum shows broad resonances in the 1.0 to 1.7 ppm range character-
istic of aliphatic protons, in the 1.7 to 2.5 ppm range characteristic of protons
on carbons adjacent to functional groups such as carbonyl s, aromatics or double
bonds, and in the 7.3 to 7.9 ppm region characteristic of aromatic protons.
The relative. areas of these resonances are 15:10:1, respectively. The large
peak at 5.2 ppm is due to HDO in the solvent from hydrogen exchange. The
methanol internal standard is observed at 3..45 ppm.
The lH nmr spectrum of the methylated fulvic add shows similar character-
; stics in the 1.0 to 2.5 ppin region. However, a new resonance is observed be-
tween 3.4 and 3.9 ppm due to methoxy protons in methyl esters. The minor
aromatic resonance iS not observed in this spectrum perhaps because of the
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smaller sample size or the lower resolution of the Varian instrument. The
resonance at 5.7 ppm is from a small amount of CHDC12 in the solvent. The
area ratio of the resonances between 1.0 and 2.5 ppm and between 3.4 and 3.9 ppm
1.S 4.8 to 1.0.
The ~ ~p~ (Figure 2-5) demonstrate that methylation of the marine
fulvic acid results in a shift from 1700 cm-l to 1730 cm-l in the carbonyl
absorption and a reduction and sharpening of O-H stretching absorption (3000 to
3600 cm-l L
Discussion
It was predicted that differential saturation of specific carbons would
not be a pl"oblem using a 900 pulse with a total pulse delày and acquisition
time of 0.74 seconds from the molecular weight range of the fulvic acid sampiés
and l3C nmr studies of other macromolecules with similar molecular weights
.(speci.ically cholesterol (Allerhand Doddrell, and Komoroski, 1971) and low
molecular weight polypeptides (Allerhand, and Komoroski, 1973; Deslauriers,
Smith,and Wa1ter, 1974; Keim, Vigna, Marshall, and Gurd, 1973; Allerhand and
Oldfield, 1973) and proteins (Allerhand, Doddrell, Glushko, Cochran, Wenkert,
Lawson, and Gurd, 1971; Glushko, Lawson, and Gurd, 1972; Allerhand, Childers,
and Oldfield, 1973; Hunkapil1er, Smallcombe, Whitaker, and Richards, 1973)J.
Test spectra of 0.1 ~ cholesterol in d6-benzene, obtained using the same in-
strumenta 1 conditions, support this prediction. Furthermore, compared to
protonated or aliphatic carbons, the. carbonyl carbons in most macromolecules have
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relatively longer spin-lattice relaxation times and are therefore more sub-
ject to saturation (Alle.rhand and Komoroski, 1973). The observation of the
predominant carbonyl resonances in the ful vic acid spectra demonstrates that
saturation is not a significant probl em in these studies, al so in agreement
with the above prediction.
Nuclear Overhauser effects can complicate interpretation of l3C nmr
spectra, particularly if comparisons between peak areas in a given sample are
to be made (Stothers, 1972). Specifi.ca lly, actual a liphatic:aromatic carbon
ratios in the individual fulvic acid samples cannot be accurately determined
by simply comparing the aliphatic (10-60 ppm) and aromatic (110-160 ppm) peak
areas. However, considering the molecular weight ra.nges of the seawater and
terrestrialfulv1c acid samples, it is reasonable to suggest that similar
nuclear Overhauser effects are occurring in both samples (Doddrell, Glushko,
and Allerhand, 1972; Allerhand and Oldfield, 1973). Thus, one can compare the
relative peak areas between the spectra of seawater and terrestrial fulvic
acid.
Several factors may contribute to the broad and poorly resol ved resonances
observed in the marine and terrestrial fulvic acid spectra. One is molecular
weight dependent rotational correlation times (Doddrell, Glushko, and Allerhand,
1972; Al1erhand and Hailstone, 1972; Becker, 1969). However, this explanation
is. un1ikely, considering 13C nmr relaxation studies on molecules with molecular
weights similar to the fulv1c acid samples studied here (Allerhand, Doddrell
and Komoroski, 1971; Allerhand and Komoroski, 1973; Deslaurie.rs, Smi.th, and
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Walter, 1974; Keirn, Vigna, Marshall, and Gurd, 1973; Allerhand and Oldfield,
1973) .
Another factor could be 1 ine broadening from paramagnetic materia 1 sand
free radicals in the samples. The presence of paramagnetic metal ions and
free radicals has been demonstrated in humic materials (Steel ink and Tollin,
1967), therefore, their contribution to 1 ine broadening cannot be ignored.
Complexed paramagnetic metals can i.nteract with- l3C nuclei causing extremely
fast relaxation times and, therefore, line broadening (Stothers, 1972; Levy and
Nelson, 1972; Becker, 1969).
In addition to lfne broadening, chemical shifts are often changed by a
few to severa 1 thousand ppm when carbons are comp 1 exed wi th paramagnetic meta 1
'ions or when free rad 1 ca 1 s are present (Levy and Nelson, 1972; Stothers, 1972).
Carbons which are shifted more than a few hundred ppm would not be observed in
the 0 to 250 ppm spectral r.egion.
Finally, the broad resonances in the aliphatic regions of both spectra,
and in the spectrum of the marine fulvic acid in particular, may also simply
reflect the extreme molecular complexity of the materials. This phenomenon
of line broadening due to molecular complexity has been observed in other macro-
molecules such as proteins and nucleic acids (Payne, 1974; Lauterbur, 1970;
Chien and Brandts, 1971; Freedman, Lyerla, Cbacken, Cohen, 1973; Allerhand,
Childers, and Oldfield, 1973; Glushko, Lawson and Gurd, 1972; Komoroski and
Allerhand, 1972). However, even in protei.ns with molecular we.ights as high
as 310,000 it is still possibl e to observe well resol ved resonances from many
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of the si.de.-chain aliphati.c and aromatic cårbons (Payne, 1974). These peaks
can be resolved i.n spi.e. of sHghtly differing magneti.c environments (due to
anisotropy in the magnetic susceptiblHy- of neighboring atoms or. groups such
as phenyl rings and carbonyl groups) because of the 1 imited number of amino
acids present as repeating subunits. The presence of a complex array of carbon
species may readily account for the broad resonances observed in the l3C nmr
spectra, although the presence of paramagnettc metals and free radicals may be
a contributing factor.
The l3C nmr spectrum of seawater ful vic acid shows a much greater abun-
dance of resonances from al iphatic carbons than are present in the soil fulvic
acid spectrum. Conversely, the aromatic resonances are more prominent in the
soil fulvic acid spectrum than in the seawater spectrum. This suggests major
structural differences between the fulvic acids from the two envi"'onments.
The more al iphatic character of the seawater ful vic acid is consistent with
the higher H/C ratio (ïable 2-2). Tbe main features of the lH nmr spectra of
seawater fulvic acid (Figure 2-.3 and 2-4) are the large broad aliphatic re-
sonances between 1.0 and 2.5 ppm and the lack of large aromatic resonances be-
tween 7.0 and 9.0. These lH nmr data are in support of the highly aliphatic
character of seawater fulvic acid indicated by the 13C nmr data.
The less aromatic character of sedimentary humic substances of lacustrine
and marine origin as compared to terrestrial humic substances has been des-
cribed previously-. Differences in density, elemental composition and the results
of chemical studies led IsfiÜ"atari (1971) to assign a less aromatic character to
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humic substances isolated from lake sediments. Analyses of functional groups
in marine sedimentary fulvfc acid demonstrate a lower phenol content than is
prese.nt 1.n terrestrial fulvic acid (Rashid and King, 1972); thi:s als,o suggests
a le.ss aromatic cnaracter for marine humic substances.
The less aromatic, more aliplitic character of the seawater fulvic acid
may reflect the lacK of abundant aromatic precursors in the marine environment.
Lign1.n is believed to be an important component in the formation of soil humic
substances (Hurst and Burges, .19671. It is not abundant in marine plants
except for some benthic and marsh grasses (Moore, 1969; Leo and Barghoorn, 1970;
Gardner and Menzel, 1974).
The abundance of carbonyl oxygen in both fulvic acid samples is demonstrated
by the l3C nmr resonances between 170 and 185 ppm. Differentiation between
carboxylic acid, ester and amide functional groups is not possible from the l3C
nmr data; however, resonances characteristic of aldehydes and ketones are suf-
ficiently separated (20 to 30 ppm downfield from other carbonyls) to allow
their distinction. It is noteworthy that this distinction cannot be made from
the ful vic acid ir data because of the broad carbonyl absorbances. The 1 ack of
signifitant t'esonances in the 190 to 210 ppm region in both l3C nmr spectra
indicate that the major carbonyl. groups in the fulvic acid samples are acids ~
esters and amides. The broader carbonyl resonance extending toward 170 ppm
in the terrestrial sample suggests. the presence of a greate.r variety of
carbonyl. groups hei~e than in the seawater sample.
Carboxyl ic aci.d groups in the seawater fulvic acid are i.ndicated by the
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shift in the ir carbonyl absorbance from 1700 cm-l to 1730 cm-l upon methyla-
tion of the sample~ The accompanying decrease and sharpening of the OH stretch-
ing absorbance. (3000 to 3600 cm-ll results from the formation of methoxyl
. groups from the OH groups of acids and perhaps phenols. In addition, the
appearance of the new 1 H nmr resonance. at 3.4 to 3.9 ppm upon methylation of
the fulvic acid is also evidence of the formation of methyl esters from carboxylic
ac ids.
Absorpt ion in the 60 to 100 ppm reg ion of the l3C nmr spectra of both
ful V1c acid samples suggests the presence of po lyhydroxyl groups such as sugars.
This observation is consistent with the intense infrared absorption in the 3000
t~ 3500 cm -1 region characteristic of Q-H stretching. That absorption pers; sts
after methylation indicates the presence of alcoholic functions. The highly
aliphatic character and high oxygen content (from elemental analysis) require
that there be highly oxygenated units within the fulvic acid structure. Sugar-
1 ike moieties are consistent wi th these spectral observations. The humic sub-
stances in seawater must be formed from the precursors present such as amino
acids, carbohydrates, 1 ipids and pigments. The formation of humic substances
by processes analogous to the browni.ng reaction has been suggested by several
investigators (Kalle, 1966; Nissenbaum, 1974; Jackson, 1975). The incorporation
of marine 1 ipids and pigments into the products of the. browning reaction could
account for the structural features indicated by the present work.
Summa ry
The results of this chapte.rare summar"zed in Tabl e 2~.
Seawater Fulvic Acid
Structura 1 Feature
Complex a rrayof
aliphatic carbons
Polyhydroxy
. groups
Low aromatic
character
Amide, acid
ester functional i ty
Low abundance of
ketones and aldehydes
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TABLE 2-3
Summary of Resul ts
1 3C nmr
10-60 ppm
strong broad
resonances
60- 100 ppm
strong broad
resonances
Method1 H nmr
1.0-2.5 ppm
strong broad
resonances
110-160 ppm 7.0-9.0 ppm
weak resonances weak reso-
nances
170-185 ppm
strong reso-
nances
190-210 ppm
no resonances
ir El. Compo
H/C = 1.61
Pers i s tence
of 3000-3600
cm-l after
methyl ati on
High oxygen
High eq. wt.
H/C = 1.61
a) Carbonyl High oxygen
bands at
1700 and
1560 cm-l
b) Shift to
1730 cm-l
upon methyl-
ation
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Figure 2-1. Carbon-13 nmr spectrum of Sargasso Sea
surface water ful vi c acid.
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Figure 2-2. Carbon-13 nmr spectrum of terrestrial ful vic
ac i d.
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Figure 2-3. Proton nmr of Sargasso Sea surface water
ful vic acid.
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Figure 2-4. Proton nmr of CH2C12-s01uble methylated
Sargasso Sea surface water fulvic acid.
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Figure 2-5. Infrared spectra of Sargasso Sea sur-
face water fulvic acid (A) and CH2C12-
soluble methylated Sargasso Sea surface
water fulvic acid (B).
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eHAPTER 3
Introduction
This clipter presents the resul t~ of cheical studies of Sargasso Sea
and coastal water fulvic acid and thei:r interpretation in terms of the struc-
tura 1 fea tu res of marine humic su bs tances .
The rati ona 1 e in these studies was first to investigate the intact ful vic
acid and then proceed to studies of fulvic acid components freed by hydrolysis.
Fina lly, drastic chemlca 1 reduction was used to simplify the structure for
identification of carbon skeletal features. Because of the limited sample size,
techniques were used to gain maximum information from the amount of sample ex-
pended.
Experimenta 1
Genera 1 Equ ipment and Reagents
Infrared (ir) spectra were obtai.ned on a Perkin Elmer Model 337
grating infrared spectrophotometer with KBr pel lets or NaCl plates.
Varian model 1200 or model 1400 gas chromatographs equipped for on-column
injection (injector temperature 180°C to 2l0oC) and with flame ionization de-
tectors (detector temperture 300oC) were used.
Solvents were. distilled in all-glass 'stills before use. Ether was dis-
tilled from Na metal. Cyclohexane was washed \'Jith conc. H2S04, dried (Na2S04)
and then distilled from Na metal. Witter was dis,tiJle.d from basic KMn04 under
precombusted (800°C; CuO). nitrogen gas.
Reagent grade chemical s were used. , NaOi- was obtained by evaporation of
aqueous sodium methoxide., prepared from reagent grade Na metal (Matheson, Cole,
-82-
and Bell, Norwood, Ohio) and methanol.
Diazome.thane was. prepared from N-methyl-N l-nitro-N-nUrosoguanidine (Aldrich
Chemical eoinpany, Milwaukee, H:isconsi.nl by the method of Fales et ale (1973).
Samples: Fulvic acid was isolated from Sargasso Sea surface waters and
coasta 1 waters near Woods. 801 e., Massachusetts, USA. Sample locations and
the isolation procedure are described in ehapter 1.
The low molecular weight fraction of the Sargasso Sea fulvic acid retained
by Sephadex G-10 gel (Chapter 1) was recovered by lyophilization.
Blank of Isolation Procedure: A blank of the fulvic acid isolation pro-
cedure (Chapter 1) was carri.ed out beginning with the NH40H elution of 250 cc
of Amberl ite XAD-2 resin. A white solid weighing 0.7 mg was recovered and
ana lyzed by i r spectroscopy.
High Resolution Mass Spectrometry: High resolution mass spe.;tra (70 ev)
of the volatiles from Sargasso Sea fulvic acid were obtained on a CEC-21-1l0-B
high resolution mass spectrometer at Massachusetts Institute of Technol.ogy, dur-
ing temperature programming of the direct insertion probe from 50 to 4250C.
The instrument was calibrated with perfluoroalkanes and the data were processed
\'fith an IBM 1800 computer.
Reflux Extraction of FuivicAcid: Sargasso Sea fulviC acid (50 mg) was
refluxed in 5 ml methylene chloride (CH2e12) for 10 hours.. The suspension was
cooled and centrifuged (1800 g;1S: min.). The CH2C12 s.olution was. concentrated
under a stream of nitroge.n and the. residue. was weighed. It was then methylated
with diazome.thane and analyzed by Ge on a Varian 1200 gas. chromatograph (10%
-83-
FFAP; Chromosorb W HP; 5 ft.; 2 mmLd.. glass column; temperature pr.ogrammed
from 130 to 2300C at 4°c/mi.n~1~ The sens.i.tivity limit was 50 ng/component.
-MethylëitédFu1vitAèi.d: Methylation of the total and low molecular weight
fraction of Sargasso Sea fulvic acid with diazometnane (Chapter 2) yielded 51 %
and 97%, respectively) of methylene. cEi-ior'de-soluble material.
The methyl ated fu1vic acid samples were ana lyzed by combined gas chromato-
graphy-mass spectrometry CGC-MS) with- a Perkin Elmer 900 gas chromatograph (2%
OV -17; c.hromOSQrl11 H tiP; 6 ft-.; 1/8 II S tee 1 column; tempera tu re programmed; 800C
to 365°C at 120C/mi n.) coupled to a Hi tachi. -Perk in Elmer RMU-6L mass spectrometer
and an IBM 1800 computer. The sample was also analyzed after si1ylation using
N,O-bis (trimethylsilyl )trifluoroacetamide.
Thin-Layer Chromatography (TLC): The methylated fulvic acid samples were
chromatographed in methanol :benzene (1 :3) on Quanta/Gram Q5 sili.c~ thin layer
plates (Quantum Industries, N. J.). Chromatograms were developed with short-
wave uv 1 ight and with iodine vapor. Four fractions were recovered by
scraping and eluting the silica gel with methanol in a sintered-g1ass funnel.
Four fractions were collected (Figure 3-6). Fraction 1 (least polar, Rf = 0.67) was
analyzed by gas chromatography (2% Apiezon L on Chromosorb H HP; 6 ft.; 1/811
steel column; temperature programmed from 600C to 2800C at 60C/min.). All four
fractions were analyzed by probe mass spectrometry using a Finni.gan model 1015C
quadrapo 1 e mass spectrometer. The probe was heated from 300C to over 200°C
while accumulating one mass spectrum every seven seconds. TLC blanks correspond-
ing to these four fractions were also analyzed.
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Hydrolysis of Fulvic Acid: Sargasso Sea surface water ful vic acid was
hydrolyzed with- 6 !i HCl at 100°C for 22 hours. under nUrogen. A blank. start-
ing with- 6 Ii HCl was carri.ed thro.ugfi the- entire procedure.
Amino Acids in Hydrölyzate.: The hydrolysis products were diluted with
distilled water and applied to a 1 em x 10 cm column of Bi.o-Rad Analytical. grade
AG 50W - X8 cation exchange resin, 100-200 mesn (Bio-Rad Laboratories, Richmond,
California), cleaned before use by extensive acid and base washing. The
column was eluted with two bed volumes of distilled water and then eight bed
volumes of 1 Ii NH40H. The eluti,on was monitored with Ninnydrin tests. The
base eluent containing the amino acids. was concentrated at 350C on a rotary
evaporator and was transferred to a 1 ml reactor vial and dried under a stream
of nitrogen gas. The dried sample, a blank and a standard amino acid solution
were treated with 3 Ii HC1/n-butanol solution at 900C for one hour. The solu-
tions were dried under nitrogen and treated with excess trifluoroacetic acid an-
hydride in methyl ene chloride at 30C for 16 hours. These products were then
dried in a vial under nitrogen, a known volume of methylene chloride containing
n-butyl stearate (internal standard) was added through a septum cap before on-
column injection into a Varian model 1400 gas chromatograph (:Tabsorb (Regis
ehem. Co., Morton Grove, Ill.); 6 ft. 2mm I. D. glass col umn; temperature pro-
grammed from 750C to 2100C at 8°e/min~. Amino acid concentrations were de-
termined by comparing peale areas to the. peak area of tlie internal standard and
using tha response factors, from th~ standard amino acids. The identification of
the amino acids was confirmed by GC-~1S under the conditions described above.
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Me.thyl ene Chloride-Sol ub 1 é Pródutts . i,n the. Hydro 1 yzate: Four fracti.ons
(acids, phenols, neutrals, bases) ofeH2e12-soluble materi.al we.re obtained from
the total hydrolyzate by the liquid-liqui.d extraction scheme. in Figure 3-L.
These materials representl8% by weight of the original fulvic acid. Each
fraction was analyzed by GC unde.r the conditions of Table 3-1 and by GC-MS with
a Finnigan model 1015C GC-MS system. Also, mass spectra were obtained while
heating the probe from 30 to 2500e.
Exhaustive Réductiönof FulvtcAcid (Figure 3-2): Fulv1c acid (50 mg) was
methylated as descrtbed in Chapter 2. A methanol solution of the methylated
fulvic aci.d was bydrogenated at 5,200 psi HZ and L800C for 36 hours over 36 mg
copper barium chromi.um oxide (Cu-Ba Chromite). The catalyst was prepared
according to Lazier and Arnold (1943) and activated immediately before use at
3500 psi HZ and 1000C for 1.5 hours. After hydrogenation, the sa~ple and catalyst
were filtered through an extracted Soxhlet thimble and the catalyst was Soxhlet
extracted with refluxi.ng methanol for 16 hours. The combined extract and filtrate
was concentrated at 200 on a rotary evaporator and dried under a stream of nitrogen.
An infrared spectrum of this material was obtained on NaCl plates (Figure 3-11).
The hydrogenation products were then brominated with 500 mg of dibromo-
triphenylphosphorane (Wiley et al., 1964; Schaefer and Weinberg, 1965a; Schaefer
and Weinberg, 1965b; Horner et al., 1959) in 5 ml of freshly distilled acetonitrile
at 1050 for 24 nours under nitrogen 1.n a, sealed tube. The reaction products
were. diluted with 75 ml of water and lia-ui.d-liquid extracted with freshly dis-
tilled diethyl ether. The ether was dried over Na2S04 and evaporated to dryness
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TABLE 3- 1
Gas Chromatography Conditions for CH2£L2-S01uble Hydrolysis Pro~
ducts (Fi gure 3-1)
Fracti on Derivati zati on (Reagent ) Column and Temperature
Acids a) methylation (CH2N2) a) 2% SE-30/Chromosorb W HP
5 ft. Glass Column 75-2500C
at 80C/mi n.
b) 2% Ap 1 ** /Chromosorb W HP
5 ft. Glass Column 75-2800C
at 8oC/mi n.
c) 10% FFAP/Chromosorb W ~P
5 ft. Glass Column 130-2300C
b) silylation (BSA/TMCS)*
at 40C/mi n.
2% Apl** /Chromosorb W HP
5 ft. Glass Column 75-2S00C
at SOC/min.
P he no 1 s a) methyl ation (CH2N2) a) 2% SE-30/Chromosorb W HP
5 ft. Glass Column 75-250oC
at SOC/mi n.
b) 10% FFAP /Chromosorb W HP
5 ft. Glass Column 130-2300C
b) silylation (BSA/TMCS)*
at 4oClmi n.
2% Ap 1 ** /Chromosorb W HP
5 ft. Gl ass Col umn 75-2S00C
at SOC/min.
Neutra 1 None 2% SE-30/Chromosorb W HP
5 ftó Glass Column 75-250oC
at S Cimino
Bases Trifluoroacetylation (TFAA)*** 50l DEGS SCOT (GC-MS) 80o-1S0oC
at 4oC/mi n.
*
N, 0- bi s (trimethyl s i lyl ) acetamide/Trimethyl ch 1 oros i 1 ane: 10/1.
**
Purified Apiezon L - hexane eluent from alumina.
***
Trifluoroacetic anhydride - 30% in CH2C12.
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at L50C on a rotary evaporator. The residue was. taken up in a. small volume of
fre.slily distilled methanol.
The bromination products were reduced for 10 hours with stirring over one
gram 10% PdlBaC03 (Mozingo, 1955) at 1 atm. Hz and 300C, 1n 2% KOH/methano 1 .
The solution and catalys.t were filtered through. an extracted Soxhlet thimble and
the catalyst was Soxhlet extracted for 12 hours with refluxing methanol. The
combined extract and filtrate. were diluted witli water and 1 iquid-l iquid extracted
with freshly di sti 11 ed cyclohexane. The eye10hexane was dried over anhydrous
Na2S04 and concentrated to a small vol ume at 300C on a rotary evaporator. This
solution was applied to a 1 x 16 em alumina .(grade AL0102 P, Harshaw Chern. Co.,
Cleveland, Ohio; deactivated with 1.5% water) column and eluted with 5 column
volumes of pentane (Fraction 1) and one column volume each of 2% CH2C12/pentane,
5% CH2C12/pentane, 10% CH2C12/pentane and 20% CH2C12/pentane (Fractions 2-5).
Triphenyl phosphine oxide (product of brominati.ng reagent) was el uted with 100%
CH2C12 .
Fractions 1 through 5 were analyzed by GC (2% Apiezon L on Chromosorb W HP;
7 ft., 1/811 steel column; temperature programmed from 75 to 2800C at 6°C/min.).
Any fraction showing peaks in the gas chromatogram was further analyzed by
GC-MS on a Finnigan model 101 5C Ge-MS under the same GC conditions and at 55 eV
ionizing voltage; some spectra were recorded at 12 eV ionizing voltage for the
preferentia 1 detection of aromatic hydrocarbons.
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Fraction 1 of the coastal water fulvic acid reduction products was further
chromatographed on s11 iea gel (deactivated with 1.5% waterl to separate
saturated hydrocarbons ~entane. e.l ue.nt, 3 bed vol urnes 1 from aromatic hydrocarbons
CCHiC12 eluentl 3 bed volumesl. Botli fractions w.ere analyzed by GC and Ge-MS.
A blank. of the entire procedure starting with diazomethane in methanol
and proceeding through the hydrogenation, órominati:on, hydrogenation and
chromatography steps was also analyzed by GC and GC-MS.
Resu 1 ts
Mass'SpéctrÖIiétritProbé'Analysis: A few of the prominent 1:on series
in the high resolution mas.s spectra (HRMSl of Sargasso Sea fulvi.c acid are
graphically superimposed on a low resolution mass spectrum (LRMS) of the sample
in Figure 3-3. Peaks in the LRMS at even mass units extend beyond m/e 500, and
the HRMS show that nearly every peak in the LRMS is composed of several ions
of different composition. Further ins.pection of the HR~1S data indicates that
most ions of a given heteroatom compos1.i.on are components of a 1 k.yl series
extending to between 20 and 25 carbons. Polyoxygenated ions and nitrogen con-
taining ions are predominant at all temperatures. Aromatic ions are present in
low abundance.
Gas Chromatography-Mass' Spèètroscopy.: The reconstructed gas chromatogram
from the GC-MS analysis of the methylated/silylated fulvic acid (Figure 3-4)
show.s tWQ partially res',olved peaks. from metbyl benzoa.te and di.methyl phthalate
(contaminants from i.solat'ion procedure, Cliapter 1) superimposed on the large un-
resolved envelope. beginning at ioooe and extending beyond the end of the temp-
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erature program (3650C). All mass spectra within this. unresolved envelope have
ions at every mass (Figure. 3-5) and attempts at interpretation were fruitl ess.
Reflùx"Extràètion: The gas chromatogram of CH2Cl2" soluble material ob-
tained by reflux extraction showed only one peak.. Co-i.njection demonstrated the
retention time to coincide with methyl benzoate, a contaminant from the isolation
procedure (Chapter 1 J.
Thin-Layer ehromatography: The thin-layer chromatograms of the total
and low molecular weight metfiylated fulv1c acid (Figure 3-61 are nearly i.dentical
and suggest that gel permeation chromatography has separated similar materials of
different molecular size and has not fractionated the fulvic acid chemically.
The least polar fraction of a preparative TLC run (Fraction 1, Figure 3-6)
was analyzed by GC. The gas chromatogram shows a large unresolved envelope above
the TLC blank. GC-MS analysis of the TLC fraction 1 showed extren.2.1y complex
mass spectra and mass chromatograms which followed the shape of the reconstructed
gas chromatogram. Silylation of that material and GC with on-column injection on
a glass column did not improve the appearance of the gas chromatogram.
Mass spectra (Figure 3-71 were taken at the maximum of the total ion current
displayed during probe heating of each TLC fraction (Figure 3-6). As expected,
the least polar TLC fraction is distilled from the prone. at the lowest temp~
erature (Fi.gure. 3-71,
. , HYdrölySts: The gas' diromatograms of the amino acid deriVati.ves. from the
f:rolysis of s.argasso Sea. surface:. water fulvtc add t the corresponding blank,
qnd the reconstructed gas chromatograms of that sampl~ and of the standard
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solution are presented in Figures.. 3-8 and 3-9. The. amino acids account for 1.2%
of the total fulvic add nitrogen and .0.6% of the total fulVic acid by weight
(Table. 3-2).
GC-MS analysi.s of the CHiC12-s01uble bases recovered after acid hydrolysis
(Table 3-1) showed a series of peaks; however, mass. spectra were inadequate
for identiftcat ion of components . Decomposition of this sample during storage
at _50C under nitrogen was indicated by the development of brown color and a
broad unresolved gas cbromatogram when further analysis was attempted. Further
characterization of this sample was not pursued.
No methylene chloride-soluóle, neutral products were observed either by
weight or by GC ana lysis.
Gas chromatograms of the methyl,ene chloride soluble acid and phenol frac-
tions obtai.ned after hydrolysis of the fulvic acid exhibited an unresolved
broad envelope above the background. Mass spectra duri ng GC-MS ana lys is show
tne complex distribution of ions characteristic of the total fulvic acid mix-
ture. No specific interpretation of the data was possible. An example of a
mass spectrum from the GC-MS of the acid fraction is given in Figure 3-10.
Reduction Experiments: The ir spectra of the methylated Sargasso fulvic
acid and of the high pressure hydrogenation product (Figure 3-2) are compared in
Figure 3-11. Generally, the spectrum of the reduction product is much 1 ess
complex. The carbonyl band (1730 cm""l; ester) i.s narrower and less' intense.
The alkyl C-H stretchi.ng absorbance (2840 to 2970 cm -1) is. predomi.nant and
absorbances characte.ri.stic of alkyl. groups are observed in the C-H bend ing region
(1300 to 1500 cm-li.
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. . TABLE 3-2'
Results of Amino Acid Analysis
Amino Aci.d
Alanine
Val i ne
Glycine
Leucine
Pro llne
Threonine
Seri.ne
Aspartic Acid
Gl utami c Acid
Weight % of FA = 0 ~6%
% of FA Nitrogen = 1.2%
. Relativé .Mol é %
12.4
4.6
29.,8
2~2
6.8
6.8
16.7
11.4
10.1
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Th~ gas. chromatograms of fracti.on 1 of, the. reduction products. (Figure 3-2)
of th.e Sa.rgasso Sea fu 1 vie acid and blank- a,re. presente.d in f.igure 3-12, a 1 o.ng
witli the gas chromatogram of a s.tandard mixture ofeven-numhered n.,a 1 kanes,. .
C12 to C30' The reconstructed gas chromatogram and ion plots for mle 57; 71;
85; 99; 113 (alkyl ions) and m(e 77; 91; 105; 119; 133 (alkyl benzenes)
(f.igure3-13) indfcate. that alKanes and a 1 kyl benzenes. account for a 11 the peaks
observed i.n the gas chromatogram. The. presence of n-a 1 kanes. of 12 to 26 carbon
chain 1 engths is evident from the comparison of GC retention times and mass
spectral data (Figure 3-13b). Even n-alkanes predominate with the distribution
maxi.mum at C18H38. Branched alkanes., suggested by peaks of the proper retenti on
time, occur at low levels.
The aromatic hydrocarbons (Fi.gure 3-13c) in the Sargasso sample are pre-
sent as four homologous series of alkyl benzenes of. the structures ind ica ted in
Figures 3-14, 3-15, 3-16, and 3-17. Benzenes with alkyl side chains of C10H21,
CiiH23, and C12H25 are predominant with minor amounts of C13H26 and no C9H19
side chains present for each series. The substitution patterns were assigned
by following the principles of mass spectrometry of alkyl benzenes described
in Grubb and Meyerson (1963) and Budzikiewicz et al. (1967), and by comparison of
GC retention times with- those of sim1.lar known compounds. Exact structures of
the side chains 1.s. not k.nQwn~
The GC-I'1S data for fraction 1 of the reducti.on products (Figure 3-2) of
coasta 1 wate.r fulvic acid Cffgure. 3"'181 indicate the presence of alkanes. (Figure
3..180.) with.. a siJiJar ra:nge and dis.trUiution as i.n the Sargasso sample but the
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maximum at C20H42. The. s,ame twe.l ve aroma tic components. described for the. Sa.rgasso
sample can be discerned in the coastal sample. but many other unidentified aromatic
compounds are also present CF.igure 3-:l8c1.
The alkanes and aromatic compounds- represent approximately 3% of the fulvic
acid carbon. Tbe ratio of saturated to aromatic hydrocarbons in these samples is
approximately 20: 1.
No components were observed in the alumina chromatography fractions 2, 3,
or 4 of the. reduction products (Figure 3-21.
Fraction 5 of the reduction products of both samples (20% CH2C12/pentane)
contained an even-numbered series of strai.ght-cha in methyl esters (Figure 3-19).
Structures were confirmed by comparison with Ge retention times and mass spectra
of standard compounds.
Discussion
Seawater fulvlc acid is extremely complex; tbis is evident from the high
resolution mass spectra (Figure 3-3) t which shows ions of several different
elemental compositions at every mass unit to beyond 500. Ions containing several
oxygen and nitrogen atoms predominate, but saturated and unsaturated homologous
series containing heteroatoms are also observedt as are aromatic series though
at lower abundance. Since probe temperatures.. above 2000e were required, these
tons may represent p,yrolysls fragments of tne. fulvic acid.
Methylation and siJylation of tbe fulvic acfd followed by GC-MS analys.i.s resulted
in a broad unresolved chromatogram (figure 3-41 and extremely complex mass spectra
(Figure 3~51. This ls further evidence foi~ the complex composition of the fulvic
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acid sample; howeve.r? some. of this. complexity may arise from decomposi.tion of. .
the sample dur~ng GC analysis.
Reflux extraction of soil fulvicacid with organic s.olvents has succeeded
in isolating alkanes (2.4 mg1100 rlAi and fatty acids (5 mg/100 gFA) whi.ch
were identiJied by ir spectroscopy and mass spectrometry after a lumina
chromatography (Barton and Schnitzer, 1963; Ogner and Schni tzer,
1971; Khn and Schnitzer, 19711. Increased yields (75 mg/100 gFA; 47 mg/100
gFA, respectivelyl of tnese components \.¡ere obtained if the sample was methylated
prior to extraction ~gner and Schnitzer, 1970; Schnitzer and Ogner, 1970;
Schnitzer and Khan, 1972). Hydrocarbons and fatty acids do not fit the solubi-
lity definition of fulvlc acid and their presence suggests that they are retained
in hydrophobic sites within the tertiary structure of the soil fulvic acid.
The increased yield of hydrocarbons and fatty acids upon methylation is apparently
the result of decreased hydrogen bonding through acidic OH groups within the
fulvic acid; methylation loosens or IIdenaturesll the tertiary structure and per-
mits the extraction of non-polar molecules.
Reflux extraction of the seawater fulvic acid (50 mg) only yielded some
benzoic acid (0. 3 ~g), a contaminant from the isolatiori procedure (Chapter 1).
Methylation of the extracted fulvic acid and TLC analysis of th~ methylene
chloride.-soluble. fraction did not revea.1 any non-polar components. GC-MS
analysis of the. least-polar TLC fracti.on CRf ;i0.~; benzene:methanol 3:1; s'ilica)
resulted fn a complex, unresolved. gas chromatogram a.nd extremel.y complex mass.
spe.ctra; no identiJicatfon of spe.cifi. compounds \'/as feasible.. Mass spectra of
all TLC fractions (Figure 3-,7) further indi.cate the complex nature. of the sea-
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water ful vic acid ~
The fact that ions were observe.d at 30°C and that the- maxima in the dis-. ,
tillation curves was. bel ow2.UOQe indicates. that non-pyrolyt1c components of the"  .
methylated ful vic acid are &ufficiently vol ati.l e to be. obse.rved by mass spectro-
metry.
The- lack of observable products in the reflux extract at the sensiti.vity
used, and the. resul ts of metFiylation-extraction- TLC-GC-MS ana lyses indicate
that loosely bound non-polar compounds are absent in seawater fulvic acid or
present at levels at least a.n order of magnitude lower than in soil fulvi.c .
acids. This may reflect the form in which. these materials exist in the sea.
In contrast to soils, organic matter in the sea occurs in solution at micro-
molar concentration andis far from beingsaturated with even non-polar organi.c
compounds. Therefore, the incorporation of non-polar molecules into the hydro-
phobic sites of micell es is far 1 ess 1 i kely than in soi 1 s, where the concentra-
tion of organic matter is higher and organic compounds ar~ further concentrated
on surfaces.
Hydrolysis of the fulvic acid sample allowed the identifi.cation of some
structura 1 components which are bound through amide and es ter 1 i nkages.
The amino acids in Table 3-2 account for 0.6% of the total fulvic acid by
weight and 1.1% of the FA nitrogen. Glycine, serine~ alanine, aspartic acid and
, glutamic acid predominate., les.ser amounts of proline, threonine, valine and leu-
cine are also presenL Only acidic and neutral amino acids are. observed in
the s.eawater fulvfc aci.d h.ydrolyzate! neither basic ami.no acids, ß-alanine,
Y-aminobutyric acid, nor ornithi ne \'Jere observed. Asparti c and gl utamic e.~cid,
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glycine and alanine predominate in fulvic acid from soil (Khan and Sowden, 1971;
Khan and Sowden, 1972) and lake sediments fulvic acids (Kemp, 1974; Ishiwatari,
1971), and in humic substances of marine sediments (Degens and Mopper, 1975).
These amino acids are abundant in the exudates of some algae (Helebust, 1974);
this may partially explain their predominance in seawater fulvic acid.
The incorporation of amino acids into browning reaction products proceeds
through Amadori rearrangement of Schiff bases formed by reactions of amino acid
amine groups with sugar carbonyls (Hodge, 1953). Amino acids cannot be re-
covered from these products by hydrolysis. If humic substances in seawater
are the result of browning reactions between sugars and amino acids (Kalle,
1966; Nissenbaum, 1974; Jackson, 1975), the low recovery of amino acids obtained
in this study may be the result of the incorporation of the amino acids into
structures from which they cannot be regenerated. Basic amino acids make up a
significant fraction of sedimentary humic substance amino acids (Kemp, 1974;
Ishiwatari, 1971; Degens and Mopper, 1975) and soil fulvic amino acids (Khan
and Sowden, 1971; Khan and Sowden, 1972). Since they have more amine groups,
they are more likely to undergo this irreversible reaction and, therefore, would
be recovered in much lower yield. On the other hand~ the acidic amino acids
have more carboxyl ic acid groups and are more 1 ikely to be incorporated through
amide or ester linkages which, in turn, would be subject to cleavage by hydrolysis.
Di fferences in amino acid composi tion observed between the seawater ful vic
acid and fulvic acids from soils and sediments may in pay't reflect the different
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isolati.on procedures used~ The method employed in this study for the adsorp-
tion of organic matter from se.awater (Chapter 11 would not recover amino acids
because of their highly hydrophilic cnaracter CRohm and Haas, 1969). However,
base extraction which is gene.rally used to isolate humic substances from
soi ls and sediments woul d recove.r free amino acids and proteins along with the
humic substances.
Methylene chloride-soluble basic materials, accounting for 2% of the fulvic
acid weight, were recovered upon acid hydrolysis of the fulvic acid sample.
These materials were so volatile that they evaporated from the mass spectrometer
probe at room temperature before mass spectra could be obtained. GC-MS analysis
of this material was then performed after trifluoroacetic acid anhydride tr(;at-
ment, which produces volatile trifluoroacetyl amides from primary and secondary
amines4 and gave evidence of several volatile components which were not identified.
Furthe.r characterization was thwarted by decomposition of the sample.
The source of these basic materials is uncertain. Decarboxylation of amino
acids to amines is an unlikely source since the decarboxylation products of
aspartic acid and glutamic acid, y-amino butyric acid and ß-alanine, were not ob-
served in the amino acid ana lys.is. Amines are present in marine organisms as os-
moregulatory agents (Craigie., 1974).. Incorporation of such amines into seawater
fulv1c acid through amide bonding may account for the recovery of amines by
acid hydro lys is..
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Most of the nitrogen functions in the seawater fulvic. ac id remain un-
identified. .They appear to be present e.1ther in linkages which are not cleaved
byaci.d hydrolysis, such as heterocycli.c structures and polyfunctional amines
bonded through other 1 inkages, or as compounds such as amino sugars which would
not have been observed by the ana lyses, performed. Since they are important con-
stituents of zooplankton exoskeletons, tne presence of amino s.ugars in seawater
fulvic add is not unlikely.
Methylene diloride-soluble acidic and phenol ic hydrolysi.s products, account-
ing for 16% of the seawater fulvfc add weight, display broad unresolved gas
chromatograms (Table 3-11. Thi.s suggests either the complex composition of the
samples or the decompositi.on of these materials during GC analysis. Mass spectra
(Figure 3-101 indicate suffident complexity to account for the broad unresolved
. gas chromatograms. Since no improvcnent in the gas chromatograms v.¡as observed
when special precautions were taken to retard decomposition (on-column injection
on glass column; silylation of the sample) the complexity of the samples appears
to be responsible for the observations. Perhaps further separation and improved
GC resolution would allow identificati.on of some fulvic acid components. It
should be noted that most of the materi.al was eluted from the SE-30 column after
the column temperature reached 2000C. SE-30 is a non-polar 'I iquid phase and
separates mai.nly according to volatility. Since methyl stearate and henei.cosane
are el uted at about ZOOOC under th.e conditions. use.d s mos.t of the components in
the methylated aci.d and ph.enol samples are less volatile than these t\JO com-
pounds.
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The dis.cuss.ion s.o far has indicated.that the complexit.y of composition i.s
a major obstacle in the structural elucidation of marine fulvic.acid. Be-
cause of a s.i.11ar complexi.ty;me.thods for' the study of'soil humic substancE.s
either s.eparate. i. into its constituents. (Barton and Schni.zer, 1963; Ogner
and Schnitzer, 1971; Khn and Schnitzer, 1971) or si.mp 1ify the- mixture chemically
for easi.er analysis. Because of the very 1imited sample size available for
this investi.gati.on (350 mgl, the latter approach was adopted.
The most successful techniques for simplifying so11 humic substances
employ basic permanganate or other stro.ng oxidants which produce aromatic acids
from highly aromati.c, cross-linked structures (ReView: Schni.zer and Khan,
1972). Weak. oxidative procedures may increase the complexity by partial and,
i.ncomplete oxidation while strong oxi.d1zing agents may lead to destruction of
aliphatic compone.nts, especially branched or olefi.nic ones. That seawater
fulvic acid is highly aliphatic and of low aromaticity is shown by the data
of Chapters 1 and 2. Indeed, attempts to apply strong oxi.dative procedures to
seawater humic substances result in complete destruction of the sample (Richard
A. Kerr, URI, personal communication).
A reductive rather than an oxidative approach to simplify the seawater
fulvic acid was considered more promis.ing. The seawater fulvic acid is from
an oxidi.zing environment and mucfL of the. complexity observed may aris.e from
partial oxidation (chemical or b.ioch£mfcalJ. The effect of this, natural oxida-
tion may be partially reversed through, chemical reduction. It would be
desirable to convert til polyfunctional structures of fulvic acid to hydro-
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carbons, which are amenable to analysis and provide information on the carbon
ske 1 eta 1 arr~ngement.
Reductive. procedures used i,n studies of soil humic substances include Zn-
dust distillatlon which is carried out at high temperatures (400-5500C). It
may lead to pyrolysis and carbon structura 1 rearr~ngement (Schnitzer and Khan,
1972). Na amalgam reduct"on has been useful for the identification of phenol ic
structures (Stevenson and Mendez, 1967), but low yields make this procedure
unappea 1 ing.
Haering (19711 succe.eded in converting polar fracti.ons of shale ol"ganic
matter to hydrocarbons.. L fthium aluminum hydride (LAH) converts carbonyl groups
to alcohols. After transformation into iodides. these are further reduced to
hydrocarbons with LAH. This promising method was attempted in this laboratory
to convert humic substances to hyd~"ocarbons-; however, high hydrocarbon blanks
from the LAH could not be reduced to acceptable levels and the method was,
therefore, abandoned.
Many investigators have used high pressure hydrogenation and hydro-
geno 1ys is to reduce humic substances (Gottl ieb and Hendri cks, 1946; Kukharenko
and Savelev, 1951; Kukharenko and Savelev, 1952; Murphy and Moore, 1960;
Felbeck, 1965). Many of these investigations resulted in the. formati.on of
colorless oils but in only one case were products identified; a C25 or C26
n-a 1 kane. was i.dentified in the. re.duction products of humtc acids from a muck
soil (Fe1beck, 1965).
High pressure catalytic hydrogenation reduces carbonyl groups to alcohols.
Further reduction to hydrocarbons occurs only in special cases, e.g. benzylic
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alcohols, lAugus.tine) 19651~ T\liO ca.tal.ys.ts. are wide1.y used: co~~e.rchromi.e.  .
whicli does not reduce aromatic rings. and Raney nickel which reduces. aromatic
rings to cyclohexane. under the conditions required to reduce. carboxyHc acids.
The reducti.on of aromatic rings can lead to mixtures. of stereochemical isomers
whfcli complicates the. i.nterpretati.on of results. Other catalysts may be used
to promote. hydrogeno1ysis of functional groups to form hydrocarbons but they
have not been successfully- applied to soil humic substances (Felbeck, 1965).
High pressure hydrogenation of methyl este.rs to alcohols using copper
chromite requires lower temperatures and pressures than the reduction of
carboxylic acids~ Furthermore., the addition of barium to the catalysts increases
its acti.vity (Augustine, 19651.
The methylation of the fulv1c add fallowed by high pressure hydrogenation
with Cu-Ba chromite catalyst was chosen to provide the most complete reduction
possi b 1 e under the mildest conditions. Esters, acids, aldehydes, ketones and
doubl e bonds are reduced under the conditions chosen but aromatic rings, amides
and amines are not reduced (Augustin, 1965). The expected reduction products
were alcohols.
The further reduction of these alcohols to hydrocarbons is more easily
accompl i shed after the formation of derivatives (e.g. tosylates of mesylates)
or displacement of the hydroxyl with haHdes. Dibromotriphenylphosphorane was
chosen to convert the. alcohols to t.romides since it is a powerful but Iiíghly
specific reage.nt (WJley e.t aL, 1964; Schaefe.r and Weinberg, 1965a; Schaefer
and Weinberg, 1965b; Horner et al., 1959). It is also capable of displacing
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phenolic hydroxyls. to form aryl bromides, (Horner et al., 19591, and of cleaving
ethers to form alkyl bromides û\nderson and Freenor, 19641.
Further reduction was then carried out in basic medium witli a palladium
catalyst. These conditions are sufficient to reduce alkyl and aryl bromides,
as we 11 as any 01 efins produced by dehydroha lagena tion, to hydrocarbons
(Augustine, 1965).
Thus, the overall hydrogenation-5romination-hydragenation scheme (Figure 3-2)
is, in princip 1 e~ capaól e of convert ing esters ~ ketones, aldehydes, a 1 coho 1 s, pheno 1 s,
olefins, and ethers to saturated or aromatic hydrocarbons; ami.des and amines
would not be reduced. In actual f.act, howeve.r~ constituents. contai.ning several
functional groups will give a low yield because of the accumulated effect of
incomplete yields in the reduction of each functional. group. Also, steric
hinderance may inhibit the reductio'i of some functional groups. Indeed, as the
ir spectrum of the reduction products (Fi.gure 3-11) shows, some ester functions
are still present.
The GC conditions in this study permit the identificati.on of hydrocarbons
with 8 to 32 carbons. In spite of this limitation, interesting structural in-
formation was obtained by app lying the hydrogenation-bronri:nat ion-hydt'ogenation
scheme to seawater fulvic acids.
The. alkanes in the reduction products, (Figures. 3-14 and 3-19) have a high
even to odd carbon cfLi\in ~redomtnance~
. .c16+e18
2C17
",¡
= 5.0 ,
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a small amount of branched structures, and a C12 to C22 r~nge with the max imum
in the distribution at C18 orc20. .!hes.e are. all charactertstics of tne fatty
acid distribution of marine. organisms (Will iams, 1965; Schultz and Qui.nn,
1972; Parker, 1969; Blume.r et al., 19691 and suggests that these are the source
of the alkanes in the reduction products. This is further supported by the
observation of a series of fatty acid me.thyl esters in a lumina chromatography
fraction 5 of the reduction-brominatfon-reduction products (Figure 3-19).
These esters may not have been reduced because they we.re shiel ded by the surround-
ing ful vic acid structure or were. too hindered to be. ads.orbed on the hydrogena-
tion catalyst. Their presence as methyl esters in the reduction products
suggests that the high pressure hydrogenation and brominatlon steps rearranged
the structure sufficiently to allow cleavage of ester linkages in the final re-
duction step ,through transesterification in the anhydrous basic methanol.
The distrHiution of fatty acid moi.etles in the seawater ful vic acid, suggested
by the alkane distribution after reduction, is quite different than that in soil
fulvic acids. These have a carbon range from C16 to C35 with the maximum in
the distribution at C24 (Figure 3-20) (Schnitzer and Ogner, 1970). The fatty
acids in soil humic substances represent contributions from living organisms and
from plant and insect waxes (C26 to C38 even acids). That C26 to C38 hydrocarbons
are not abundant in the seawate.r fulvic acid reduction products indicates that
land-derived organic matter is. not contrihuting signtficantl,y to .the marine.
humic substances..
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The or.gi.n of the aromati.c hydrocarbons Cf.igures 3-14, 3..15, 3-16, 3-17)
in the reduction products of s.eawate.r fulvic acid is less clear. They may
represent preformed compounds, sucli as, phenols from brown algae (Sieburth, 1965;
Craigie and McLachlan, 1964; Sfe5urth and Je.nsen! 1968; Sieburth and Jensen,
1969), wlifch had been incorporated into the fu1 vic a.c id and were recovered as
hydrocaróons after reduction.
Cross-linldng and cyclization of 01 efins can 1 ead to aromati.c structures
which usually contain dfsuDstftuted aromatic rings (Edmunds and Johnstone, 1965;
Andresen, 1972). However, this source for the aromatic structures in the re-
duction products is unlikely since only monosubstituted benzenes are observed
and Isince the C2 to C4 a-substituents are difficult to explain on this basis. ,
The cyclization of terpenoid structures would not give rise to the ethyl, propyl
and butyl branching observed. The lack of even:odd carbon preference indicates
that the cyclization of unsaturated fatty acids is not involved.
The possibil ity exists that these aromati.c compounds arise from cycl i.zation
and aromatization during the reduction of the fulvic acid. However, differences
observed in the complexi.ty of the aromatics present in the Sargasso and coastal
samples (Figures 3-l3c and 3-18c) suggest that the aromatic structures are
originally present in the seawater fulvic acid.
The contri.buti.on of these aromatic compounds from the. Amberl i.te XAD-2 resin
must be consi.dered. However! the fulvi.c acid blank showed no Ü' abs.orption be-
tween 2800 cm-l and 3100 cm-l (C-i- stre.tchi.ng region) and demonstrates that in-
signifi.cant amounts of organic matter are present. Furthermore, structures such
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as those. present, in the. reduction products are not observed by' GC-MS ana lysis.. ..
of concentrated Amberlite. XAD-Z contaminants (personal communication, Dr. R. Ä.
Hites, Massachuse.tts Institute of Technology).
The highly altphati,c cha.racter of seawater fulvic acid 1$ suggested by
the. data of Chapters 1 and 2. The products of reduction of sea\.oater ful vic
acid indicate that these a 1ipfiatfc moieties may represent marine lipids whith
are incorporated into the structure. The a Hanes and aromatic hydrocarbons in
the reduction products account for 3% of the carbon in the fu 1 vic acid; however,
considering the multistep procedure and al so the sterically hindered and poly-
functional nature of the fulvic acid, such a low yield is not unexpected. The
lack of i.denti:ia.ble lipids in tfie products of reflux extracti.on, methylation-
TLC, or acid hydrolysi.s suggests that the 1 ipids are bonded through hindered
ester or amide functions or through ether linkages.
SUlIàry
(1) Seawater fulvic acid is an extremely complex mixture of polyfunctional
organic compounds containing both polar and non-polar moieties.
(2) Nitrogen is present mainly in forms other than hydrolyzable amino acids,
such as polyfunctional amines (e.g. amino sugars) or he-terocycles. Some volatile
bases are recovered upon hydro lysi.s.
(31 Non-polar moi:eties: are incorporated mainly' through covalent cheical
bonds rather than througli weaker interactions" sucli as. in Ii.ydrophobic sites of
mi.ce 11 es.
(41 Simple fractionation methods.! such a.s TLC and GC, are not suffi.cient
for resolving individual components of the fulvic'acid; however, the fact that
volatile compounds are produced by derivatization indicates that extensive
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fractionation schemes combi.ne.d w.itli Ge-MS may be a fruitful approacli to structural
elucidation.
(5) A reduction procedure was. deve.1oped to convert polyfuncti.onal molecules
to hydrocarbons. This method may be generally applicable to the structural
elucidation of otfter complex organic mixtures..
(6) Hydrocarbons produced by reducti.on of seawater fulvic acid indicate.
that marine lipids are i.mportant structural components and that terrestri.al
sources are minor, even in coastal sampl es.
(71 An unusual series of aromati.c structures was observed in the reduc-
tion products; th.e source of these is unknown.
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Figure 3-1. Fractionation scheme for CH2C12-s01uble acid
hydro lys is products.
FRACTIONATION SCHEME FOR HYDROLYSIS PRODUCTS
Aqueou
CH2C12 Extraction
Aqueous Fracti on CH2C12 Fracti on
i) Basify 5% NaHC03 Ext.
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s Fraction CH2C 12 Fraction i) Acidify
BAtES 2) CH2C12 Ext. NaOH Ex
ACIDS
Aqueous Fracti on CH2C12
1) Acidify NEUl
2) CH2C12 Ext.
ACIDIC HYDROLYZATE
t.
Fracti on
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- 109-
Figure 3-2. Scheme for reduction of methylated fulvic acid
to hydrocarbons.
EXPERIMENTAL CONDITIONS
FULVIC ACID METHYL ESTERS
5,000 psi; Copper-Barium-Chromium Oxide catalyst;
1800C; 36 hours; Methanol
TOTAL PRODUCT
Dibromotriphenylphosphorane; N2; 10SoC; 24 hours;
Acetoni tri 1 e
ETHER SOLUBLE PRODUCT
1 1 Atm. H2; 10% Pd/BaC03; 12 hours; 1 % KOH/Methano 1
CYCLOHEXANE SOLUBLE PRODUCT
A 1 umi na Chromatography; 0, 2, 5, 10, 20, 100% CH2C12/
Pentane
S FRACTIONS ANALYZED BY GC AND GC-MS
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Figure 3-3. Ion compositions from high resolution mass
spectrometric analysis of Sargasso Sea fulvic
acid superimposed on low resolution mass
spectrum (probe temperature 2600C).
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Figure 3-4. Reconstructed gas chromatogram of. GC-MS
of methylated/silylated Sargasso Sea
fulvic acid.
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Figure 3-5. Mass spectrum from GC-MS of methylated/silylated
Sargasso Sea fulvic acid (elution tempera-
ture 340°C).
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Figure 3-6. Thin-layer chromatogram of methylated Sargasso
Sea fulvic acid (8) and low molecular weight
fraction (A). Silica plate was eluted with
benzene :methano 1 (3: 1) .
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Figure 3-7. Mass spectra of methylated Sargasso Sea thin-
layer chromatogram (see Figure 3-6) fraction 1
(spectrum A, probe temperature 140°C), fraction
2 (spectrum B, probe temperature 190°C),
fraction 3 (spectrum C, probe temperature 210°C)
and probe background (spectrum D).
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Figure 3-8. Gas chromatograms of derivatized amino acids
in hydrolyzate of Sargasso Sea fulvic acid
and blank. (Tabsorb packed column.)
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Figure 3-9. Reconstructed gas chromatograms (RGC) from GC-MS
of standard amino acid solution (upper RGC)
and amino acids in hydrolyzate of Sargasso Sea
fulvic acid (lower RGC). Peaks marked with (X)
indicate contaminants~ those marked with (?) in-
dicate unknown compounds. (Tabsorb packed column.)
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Figure 3-10. Mass spectrum from GC-MS analysis of CH2C12-
soluble acids in hydrolyzate of Sargasso
Sea fulvic acid.
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Figure 3-11. Infrared spectra of methyl ated Sargasso
Sea ful vic acid (A) and products of
high pressure hydrogenation (B).
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Figure 3-12. Gas chromatograms of fraction 1 (see Figure 3-2)
from reduction of Sargasso Sea fulvic acid (A),
procedural blank concentrated 5x (B) and standard
even-numbered n-a 1 kane mixture (C). (Api ezon L
packed co 1 umn. ).
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Figure 3-13. Reconstructed gas chromatogram (total ion
plot), mass plot for alkyl groups (m/e 57, 71,
85, 99, 113), and mass plot for substituted
benzenes (m/e 77, 91, 105, 119, 133) of fraction
1 (see Figure 3-2) from reduction of Sargasso
Sea fulvic acid. (Apiezon L packed column~)
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Figure 3-14. Mass spectra of a-methyla1ky1 benzenes in re-
duction products of Sargasso Sea fulvic acid.
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Figure 3-15. Mass spectra of a-ethylalkyl benzenes in reduc-
tion products of Sargasso Sea fulvic acid.
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Figure 3-16. Mass spectra of a-propylalkyl benzenes in re-
duction products of Sargasso Sea fulvic acid.
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Figure 3-17. Mass spectra of a-butyla 1 kyl benzenes in re-
duction products of Sargasso Sea fulvic acid.
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Figure 3-18. Reconstructed gas chromatogram (total
ion plot), mass plot for alkyl groups
(m/e 57, 71, 85,99,113), and mass plot
for subs t i tuted benzenes (m/ e 77, 91, 105, 119,
133) of fraction 1 (see Figure 3-2) from reduction
of coastal water fulvic acid. Peaks marked with (X)
indicate contaminants. (Apiezon L packed column.)
~
i
~
:~
i
~
~
x
T
O
T
A
L
 
I
O
N
 
P
L
O
T
~ ii !l
10
 æ
 ~
 1
0 
sa
 æ
 7
e 
æ
i S
C 
1e
o 
nD
I2
D 
.1
30
 .1
10
 .I
SO
 ic
o 
.I?
e 
.1
90
 -i
æ
 2
i 2
'O
 Z
: Z
i 2
1 
2s
 2
m
 'z
 2
s 
2!
 :m
 3
1e
 3
z 
33
 3
1 
3s
 æ
o 
37
 ~
 3
g
!
P
 
,
.
li
w
 ~
j
§ 
~s
I
-
 
f~
-
 
'
.
.
 
~
0. ::
 ii
o
:
m
/e
. 
57
; 
71
;8
5;
99
;1
13
,
 
10
 æ
 3
: 
10
 S
O 
'"
 '
? 
eo
 æ
 1
DO
 1
10
 1
m 
13
0 
li
e 
is
o 
19
' 
I'
m 
UI
O 
1s
i 
21
 2
10
 z
æ 
Z3
 ~
 2
S 
2G
 '
2 
'2
 '
2 
.x
 a
ut
 3
2 
33
 3
1 
.i
 3
G 
J?
 3
B 
3g
"
"
'
'
 
,
.
8 ;~ :j'
x
m
le
 7
7;
91
;1
05
;1
19
;1
33
~
~
~
~
~ ~ ii
10
 ~
 3
0 
10
 s
o 
6e
 7
C 
øe
 s
e 
10
: 
11
0 
12
0 
13
0 
11
0 
15
0 
16
01
7C
 i
ø:
 l
sc
 2
e 
'2
0 
22
 -
z 
t1
 2
S 
a;
 2
7 
2S
 Z
9 
ie
 3
1e
i 
32
 3
3 
31
 3
S 
3G
 3
7 
3B
 :
:
!
P
 
"
"
!l
SP
EC
TR
UM
 N
UM
BE
R
- 143-
Figure 3-19. Gas chromatograms of fracti on 5 (see Figure 3-2)
from reduction of Sargasso Sea fulvic acid (A),
coastal water fulvic acid (B), and procedural
blank concentrated 5x (C). Chain length of
fatty acid methyl esters are indicated. Peaks
marked with (X) indicate contaminants. (Apiezon
L packed co 1 umn . )
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Figure 3-20. Histograms ofn-al kanes in reduction products
of Sargasso Sea fulvic acid (A) and normal fatty
acids isolated from soil fulvic acid (Schnitzer
and Khan, 1972) (B).
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CHAPTER 4
Introduction
This chapter presents a ~ypothetical structure of a typical dissolved
marine humic substance.. The structure is consistent with the resul ts of thi s
investigation and is discussed in terms of its odgin, chemical and physical
properties, interaction in the. sea and its eventual fate.
Summary of Present Knowl edge
The chemical and physical properties of seawater humic substances deter-
mined in this work (summary Table 4-1) have been discussed in Chapters 1, 2 and
3 wi th regard to other characterizati on studi es of seawater organi c matter
(Kalle, 1966; Jerlov, 1968; Sieburth and Jensen, 1968; Kerr and Quinn, 1975;
Khayl ov, 1968) and of sedimentary humi c substances (Nissenbaum and Kaplan,
1972; Ishiwatari, 1971; Bordovsky, 1965; Rashid and King, 1970; Rashid and King,
1967; Huc and Durand, 1974; Nissenbaum, 1974). Differences between marine and
terrestrial humic substances have also been discussed (this work; Nissenbaum and
Kaplan, 1972; Ishiwatari, 1974; Ishiwatari, 1973; Rashid and King, 1970; Jackson,
1975; Huc and Durand, 1974; Kerr and Quinn, 1975; Kalle, 1966; Nissenbaum,
1974) and are summarized in Table 4-2.
However, there are several similarities in the general properties of humic
substances from different environments and, since the composition and environ-
mental effects of humic substances from soils and sediments have been studied
much more extensively, consideration of these similarities may be helpful in
,
predicting unknown properti es and effects of seawater humic substances.
Terrestrial, sedimentary and seawater humic substances are all complex mixtures
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TABLE 4-1
Summary of Sargasso Sea Fulvic Acid Characteristics
E1 ementa 1 Composition:
UV-VIS Spectrum:
Fl uorescence Spectrum:
IR Spectrum:
ô l3C:
Acid Ltratlon:
Molecular Weight Distribution:
1
H NMR Spectrum:
13C NMR Spectrum:
Chemical Data:
.~~
c)
a) Smoothly increasing absorption wi th decreas-
ing wave.l ength .
b) Low extinction
c) E420/665: 4.8
C: 49.98; H: 6.40; 0: 36.40; N: 6.40; S: 0.46
H/C ;:1.61
Stoichiometric formula (C9H1505Nh (neglecting S)
ab) Excitation maximum: 332 nm
) Fl uorescence maximum: 405 nm (broad)
a) Broad absorption bands
b) Similar to fulvic acids from other environ-
ments
c) Absorption at 1560 cm-l ; not in humic acid
or soi 1 humic substances
d) Hydroxyl groups (Table 2-3)
e) Carboxylic acid groups (Table 2-3)
-22.79 0/00
ab) High aliphatic character
) Low aromati c character
~~
~j
f)
Hi gh a 1 i phati c character
Low aromatic character
Po lyhydroxyl groups
Abundant ami de, ester or acid groups
Low ketone and aldehyde content
eomplex composition
a~ i Extremely compl ex mixture
Polar and non-polar moieties present
Nitrogen mainly not as hydrolyzable amino acids
d) Fatty acids and other 1 ipids are important com-
ponents
e) Some aromatic components
f) Surface active
TABLE 4-2
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Summary of Diffe.rences Between Lacustrine or Marine and
Terrestria 1 Humic Substances
Character . MaY'hé Terrestrial Reference
Aromatici ty
Phenol content
Nitrogen
õ13C (0100)
1540 to 1560 cm-l
i r ba nd
. Molecular weight
A 1 iphati c carbon
UV-VIS light
extincti on
low (seawater,
lake sediment,
marine sediment)
low (marine sedi-
ment)
high (seawater,
marine sediment)
-22 to -24 (sea-
water, marine sedi-
ment)
present (seawater,
lake sediment)
low (seawater)
high (sediment)
high (seawater)
. low (seawater)
high This Work
Ishiwatari, 1969
Ishiwatari, 1971
Rashid and King, 1970
Huc, 1973
Rashid and King, 1970
Thi s Work.
Nissenbaum and Kapl an,
.1972
high
low
-24 to -29 This Work
Nissenbaum and Kaplan,
1972
absent Ishiwatari, 1967
Thi s Hork
high
high
low
Thi s Work
Rashid and King, 1969
This ~Jork
Thi s Work
Kerr and Quinn, 1975
high
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It is important to emphasize that the proposed structure only indicates
the types of structures which are present and that the results of this work
can be fully expl a ined only by the assumption that very numerous permutations
of this structure occur, ranging widely in molecular weight and in structural
features. Furthermore, it is 1 ikely that various structures interact to form
three-dimensional arrays whi.h are held together through hydrogen and hydrophobic
bonding, van der Waals forces, eoulombic interactions and perhaps metal chela-
t ion.
The following section demonstrates that these structural features are
cons i stent wi th the present chemica 1 and phys i ca 1 knowl edge of ma ri ne humi c
substances.
Correlations with the Data
Elemental Composition
A stoichiometric formula of (CgH1505N)x is calculated from the sea-
water fulvic acid elemental composition data (neglecting sulfur). The pro-
posed structure has a formula of (C12.4H18.805.5N)x and thus the abundance
of functional groups indicated is reasonable.
Molecular Weight
The molecular weight range of the three component structures in
Flgure 4-1 is 420 to 992. Seawater fulvic acid ranges from a few hundred to
approximately 5000 in molecular wejght; this requi.res that a continuum of
larger and smaller molecules be present. Larger molecules may be more variable,
cross-l1nked condensates; these may be i.mportant agents in the formation of
- 152-
three-dimensional arrays wliich may incorporate smaller polymers within their
tertiary structure.
Ti trati on
Complex mixtures of many permutations of the proposed amphoteric
and polyfunctional structure. would display a featureless titration curve
similar to that observed in this study.
uv-vrs ' Spectra
The proposed structure would adsorb mainly in the uv region of the
spectrum: Absorption from 240 to 290 nm from the aromatic structures, absorp-
*
tion near 22.0 nm from 7T ~ 7T transitions of carbonyl. groups with some
conjugated carbonyl s extending to higher wavelength, weak absorption near 320
*
nm from n ~ 7T transitions of carbonyl groups and some absorption extend-
ing into the visible region from n-7 7T* transitions ofconjugatedcarbonyls.
Sufficiently complex mixtures are required to explain the smoothly increasing
absorption with decreasing wavelength observed. The yellow color of these
materi al s resu 1 ts from the presence of some chromophores absorbi ng in the
blue region of the visible spectrum.
IR Spectrum
The O-H and N-H absorbance in the ir spectrum of the proposed struc-
ture woul d extend from 2800 to 3800 ~l-l because of the presence of several
different functional. groups (acids: 2500 to 3000 em -1; a 1 coho 1 s: 3450 to
3650 em~l; amines: 3300 to 3500 em-l; and amides 3100 to 3500 cm-l)
- 153-
and because the same functions are present 1n different structural environ-
ments (hydrogen-bonded, conjugated, etc.), this wi.ll further broaden
eac~ absorption band. Absorbance from C-H stretching (2800-3100 cm- 1) results
from the hydrogens on aromatic, al iphatic and other types of carbons and would
also be broad. The presence of carbonyl functions in esters, acids, amides,
and carboxylate anions would result in broad bands near 1700 cm-l and 1560 cm-l
(amides and carboxylate anions). Complex absorptions in the region below
1680 cm-l would result from the mixture of various C-C, C-O, C-N stretching
and C-H and N-H bendi ng vi brations . All these features are observed in t~e
ir spectra of seawater fulvic acid.
Fl uorescence Speètra
The blue fluoresce.nce of condensati,on products of amino acids and
sugars in model systems has been reported (Hodge, 1953), however, the source
of this fluorescence in these structures is unknown.
NMR Spectra
The lH nmr spectrum of the proposed structure would show intense
a 1 iphattc resonances since al iphatic protons constitute about 40% of the
total protons; small resonances from aromatic protons may be observed. In
complex mixture,s, other protons would be so vari.able or easily exchangeable
(hydroxyl, amino, acidic protons) that they would not be easi.ly observed.
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Drastic reduction and bond cl eavage' (e.g. by hydrogenation-bromi nati on-
hydrogenationl would cleave many bonds, and allow identification of component
careon structures. Analysis of hydrocarbon products from the proposed struc-
ture in the C18 to C32 range would reveal mainly thos,e resulting from re-
duction of fatty acid components. In spite of the strong conditions used,
yields of hydrocaróons were. low and esters were still present in the products;
this further suggests that hindered sites are present in three-dimensional
s tru ctures.
Structural Features of Soil Humic Substances
Three hypothetical models of soil humic substance taken from the
literature are presented in Figure 4-3. These structures are consi.stent
with the resul ts of degradation studies of stiil humic substances. However,
the lack of aliphatic components, the low H/C ratios, and the low nitrogen
content in these structures are incompatable with the data obtained on seawater
humic substances.
Mechanism of Formation
In the sea the most abundant sources of organic matter from which
humic substances may be formed are the components of algae and zooplankton:
amino acids, carbohydrates, lipids and p.igments. A major precursor to soi 1
humic substances is lignin (Hurst and Burges, 1967); but this highly aromatic
material is not abundant in s,eawater and is., therefore, not a significant
source material for seawater humic substa.nces.
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Reacttons between s,ugars and amino acids, known as browning react ions or
Maillard condensations, have been extens ively studied in concentrated sol u-
tiòns (Hodge, 1958; Cole, 1967; Reynolds, 1969). The first step in these
reactions involves the formation of a Schiff base between the amino nitrogen
in amino acids and the aldehyde (or ketone). function of sugars. Subsequent
reactions include rearrangements, cycHzations, and decarboxylations to form
complex, órm'm colored mixtures referred to as melanoidins.
The formation of marine humus or Gelbstoff by a mechanism involving the
condensation of ami no acids and sugars has been proposed by Ka 11 e (1966)
and Nissenbaum (19741. However, the condensation of amino adds and sugars
alone cannot account for the abundance of long-chain aliphatic structures
in the seawater humic substances. Components such as marine 1 ipids must also
be i ~corporated into the products; bonding through ester or amide 1 inkages,
or reactions at sites of unsaturation forming ether linkages may be involved.
In seawater organic matter is present at part per million concentrations which
is not conducive to condensation reactions since they depend on the rate of in-
termolecular collisions. However, many processes in the sea result in high
local concentrations of organic matter where such condensation reactions are
feas ib le. For exampl e, decaying organisms contain the precursors in high
concentrations; organic films on the. sea surface or on bubbles have organic
matter concentrations 10 to 1000 times that of seawater (Garrett, 1972;
Barger et al." 1974; Duce. et aL., 1972); organic matter in particles may be in
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biol.ogical availability or toxicity of trace metals (Barber and Ryther, 1968;
Su~da, 1975; Martin et al., 1969). Polyacidic, polyfunctional structures
are expected to be good chelators for metals since polydentate complexes are
possible; this suggests that seawater humic substances have much higher
stability constants than simple organic compounds and, therefore, may have
significant chelation effects in seawater.,
The irreversible incorpora.ti:on of some trace metals by soil humi.c sub-
stances has been observed (Schnitzer and Khan, 1972); this may also occur
with seawater humic substance and could, thereby, influence the geochemical
cycling of some trace elements.
The surface activity of seawater humic substances (Table 4-1) suggests
their involvement in those sea surface phenomena generally ascribed to fatty
acids and other lipids (Garret, 1963, Garret, 1969; Blanchard, 1965). These
include natural slicks on the sea surface, the foaming of seawater, the damp-
ing of capillary waves, and the transport of organic matter from the sea
surface to the atmosphere on water droplets. Quantitatively, humic substances
may be more important surface active agents since they are far more abundant
than 1 ipids in seawater. Aggregation of humic substances at the sea surface
brings them in contact with_ the atmosphere and into direct sunl ight; thi.s may
influence oxi.dation and oxidative cross-linking reactions of the humic sub-
stances.
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The surface activity of humic substances suggests that they are adsorbed
on particle surfaces in s,eawater. Tliis may influence the surface charge
(Niehoff and Loeb, 1974), the ion exchange reactions (Rashid, 1969) and the
dissolution/precipitation reactions CChave a.nd Seuss, 1970) of particles in
seawater. Interaction of soil humic substances with soil particl es has im-
portant influences on the aggregation processes and the sorption capacHy
of soils (Schnitzer and Kfn, 1972,p. 253).
Surface active materials can form mi.celles in water and can incorporate
hydrophobic molecules into hydrophobi.c sites. Thus humic substances can in-
crease the apparent solubility of non-polar substances in water (Boehm and
Quinn, 1973; Khan, 1974; Khn and Schnitzer, 1972). Humic substances may also
decrease the toxicity of organic compounds by making them unavailable to
organisms (Schnitzer and Khan, 1972; Boehm and Quinn, 1973). Reactive compounds
may become permanently incorporated into the humic structure through chemical
bonding. Therefore, humic substances in seawater may serve as sinks of both
reactive and non-polar compounds.
Fate
Organic materials have finite life times in the oceans: residence times
of 1000 to 3500 years are ca 1 cul ated (Menzel, 1974; Wi 11 iams et a 1 ., 1969;
Skopi.ntsev, 1972). Th.ese are average values and since the chemical and biological
degradation and re-uti 1 i zat ion of a large fraction of th.e organic matter in the
sea is beHeved to be. slow CSkopintsev, 1972; Ogura, 1972; Barber, 1968), some
organic matter (e..g. humic substancel may be much older. Three mechanisms of
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removal of humi.c substances must be cons:idered: 1) loss to the atmosphere,
2) i.n si:u chemi.cal and biologi.cal degradation and re-uti1ization, and 3) loss
to the sediment. AltFiough humic substances may be concentrated at the sea
surface and, there.by, ejected to the atmosphere on bubble droplets, transfer
to land is probably insignificant.
In the deep sea the organic matter is at low concentrations and the
effects of temperature and pressure reduce bacterial activity (Jannasch et a 1. ,
1971). Therefore, the organic matter in the deep sea may be extremely stable.
Indeed, investigations of the bacterial degradation of the total organic
matter in deep water suggests that after 50 days, even under favorable condi-
tions of increased concentrations and temperature, it is not re-mineralized
(Barber, 1968). Most of the organic matter in the surface waters is rapidly
re-utilized (Menzel, 1974; Barber, 1968; Ogura, 1972) but a small fraction is
either released from organisms in or converted to more stable forms. The
formation of humic substances may be, in part, responsible for this stabil iza-
tion of organic carbon. Their stabil ity is suggested by the fact that the
,
humic substances in soil are extremely resistant to biological degradation
(Lynch and Lynch, 1958; Ladd, 1964). One may speculate why humic substances
are stable. Perhaps they contain toxic moieties, or the rearrangement of the organic
matter has made it non-degradable by the available enzymes, OIn the
util izable organic matter is protected deep within humic structures whose
outer surface have been de-Qr.ade.d___and_he.c_am.e_l-eslita.nL
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Transport to the sediments appears to be the most important pathway for
tha removal of humic substances from seawater. The surface active character
of seawater humic sufistances s,ugge.sts that they are capable of adsorbing on
sinldng parti:cles and thus can be transported to the sediments. In addition,
di.ssolved organic compounds may grow in size unt1l they become insoluble
(Wangersky, 19721 and s-ink.. Incorporation of smaller particl es into fecal
pellets by fflter-feedingorganisms may provide another mechanism for transport
of adsorbed humic substances to the sediments.
Humic substances are tfie most abundant class of organic material in
modern marine sediments (Bordovsky, 1965; Degens et al., 1964; Nissenbaum
and Kaplan, 1972; Wakesman, 19331. In shallow coastal waters, in situ pro-
duction appears to be the predominant source of humic substances (Nissenbaum
and Kaplan, 1972; Ni ssenbaum, 1974). However, in the deep sea ~ much of the
organic matter may already have been present on particle surfaces in the water
column before they became part of the sediment. Therefore, dissolved humic
substances may be an important source of the organic matter in deep sea
sediments.
Over geological time periods, humic substances are probably transformed
into kerogen (Brown et al., 1972; Degens et al., 1964; Bordovsky, 1965) which
is the most abundant organic material on Eartli CForsaman, 1963; Robinson, 1969;
Welte, 1974). Because of tha low levels of organic carbon i.n deep sea sedi-
ments, the organic matter probably remains dispersed throughout the sedimentary
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matrix and never accumulate.s in concentrated ~rganic deposits~ The kerogen
produced from. marine. humics is expected to be. Iii.ghly.aliphatic in character.
The kerogens of the Gree.n Ríver formation (Murphy et a i ., 1971; Robinson,
1969; Djuricic et al., 19.721 and the Xugoslavian Aleksinac shale (Djuric1c
et al., 19721 are. higfiJy al iphatic in character and are the result of trans-
formations of predominantly algal (fresh waterl organic matter with little
input of land derived material. In contrast, the highly aromatic humic
substances of terrestrial or,igin (~.g. l.ignin) (Figure. 4-3) are transformed
into peat and coal (Hunt, 1964) and s wnere .they are 1 ess concentrated, ; nto
high ly aromatic kerogens such as thos-e in the Kimmeridge shale and Austra 1 ian
torbani te (Djuri.cic et a 1. ,1972). The ultimate fate of humic substances in
sediments will depend on the depth of burial (temperature and pressure) and
on the geological future of the sediment.
\
\
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Figure 4-1. Hypothetical structure of seawater humic sub-
stances.
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Figure 4-2. Hypothetical structure of seawater humic sub-
stances with amino acid (AA), sugar (S), amino sugar
(AS) and fatty acid (FA) moieties indicated.
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Figure 4-3. Hypothetical structures of soil humic sub-
stances proposed by Fuchs (from Stevenson
and Butl er, 1969) (A), Dragunov (from
Stevenson and Butler, 1969) (8), and
Schni tZer and Khan (1972) (C).
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